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ABSTR/iCT 


This  report  presents  the  artificial  flooding  potentialities  of  the 
VEtJETIiiN -FRIULI  PLAINS,  The  effectiveness  of  artificial  inundation  is 
largely  dependent  upon  the  hydrologic  conditions  at  the  time  of  the 
operation.  The  volume  of  water  stored  and  available  in  the  river  basin, 
the  river  stage  and  the  rate  of  flow  in  the  stream  are  important  elements 
to  be  considered.  The  rivers  in  this  area  have  a wide  range  between  high 
and  lovf  flows.  The  magiitude  of  the  area,  the  numerous  existing  hydraulic 
works,  and  the  time  allotted  for  the  study  limited  detailed  analyses  to 
those  structures  and  sites  contributing  to  the  maximum  military  effect. 

The  erection  of  temporary  dams  at  bridge' openings  or  at  other 
restricted  sections  along  the  various  streams,  located  betv/een  the  ISONZO 
and  ADIGE  Rivers,  v/ouli.  create  still-water  barriers.  Formation  of  a con- 
tinuous water  obstacle  by  this  means  is  practical  only  along  the  ADIGE 
River.  Due  to  the, nature  of  the  terrain,  still-water  barriers  on  the 
other  streams  would  be  of  - short  length  along  the  stream  and  would  spread 
out  transversely  over  the  adjacent  land. 

Sudden  opening  of  gated  outlets  of  the  large  pov/er  reservoirs  in  the 
region,  such  as  the  LUMIEI,  PIEVE  DI  G/iDORE,  S.  GIUSTINA  and  S.  V/iLEtJTBIO 
DAMS,  vrould  create  detrimental  floiT  variations  in  the  rivers  downstream 
from  the  dams.  This  type  of  operation  v/ould  not  produce  excessive 
velocities  or  increases  in  river  vddths  in  the  VMETI/iN-FjRIULI  PLABIS5 
hov/ever,  appreciable  changes  in  river  depths  could  be  attained  along  the 
TAGLI/U1MT0,  PIAVE,  ADIGE  and  other  rivers,  A minimum  increase  of  0,5 
meter  and  a maximum  increase  of  2,0  meters  in  river  stages  at  various 
sites  in  the  plains  could  be  obtained  vdth  river  vddths  of  0,1  to  1.5 
kilometers  and  mean  surface  velocities  varying  from  0,7  to  1.5  meters 
per  second. 

Breaching  of  dams  located  in  the  ALTS  mountains  v«5uld  create  major 
flood  waves  of  appreciable  magiitude  but  of  short  duration.  Major  flood 
T/aves  vrould  produce  increases  in  stages  of  1,5  to  5*5  meters  above  normal 
v/ater  conditions,  lasting  from  0.5  to  1,5  hours  above  the  river  banks  in 
the  plains  region.  Maximum  effects  could  be  obtained  by  breaching  those 
dams  having  large  reservoir  storage  capacity  and  by  locating  the  breach 
near  the  bottom  of  dams  similar  to  the  LUMIEI  and  S.  GIUSTINA  Dams.  The 
best  opportunities  for  creating  major  f lo^'id  vraves  exist  on  the  ADIGE, 

PIAVE  and  TA1.GLIAMENTO  Rivers. 

Deliberate  flooding  of  the  areas  in  the  coastal  deltas  of  the  rivers 
emptying  into  the  ADRIATIC  SEA  v/ould  be  possible  by  breaching  the  river 
dikes  in  combination  vdth  natural  high  v/ater  conditions  or  idth  other 
artificial  flooding  operations.  This  type  of  flooding  operation  v/ould  be 
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especially  effective  on  the  ADIGE  River  belov/  LEGMAGO  where  the  river 
surface  is  always  above  -the  level  of  the  adjacent  land.  Here,  it  is 
only  necessary  to'  breach  the  river  levees  at  strategic  points  during 
periods  of  moderate  ■to  high  stages  and  discharges  in  order  to  flood  a 
large  depression  between  the  ADIGE  and  PO  Rivers  as  v;ell  as  the  delta 
region  between  the  ADIGE  and  BACCHIGLIONE  Rivers.  Also  breaching  of  . 
dikes  and  manipulation  of  irrigation  and  drainage  systons  during  the 
rainy  season  or  in  combination  vriLth  releases  from  reservoirs  v/ould 
cause' shallovr  inundation  of  the  v/idespread  irrigated  and  reclaimed 
areas,  as  for  example,  the  reclaimed  land  located  on  the  right  bank 
of  the  PIAVE  River  near  its  mouth. 

Continuous  military  support  of  the  temporary  or  permanent  dam 
installations  and  navigation  and  irrigation  control  structures  Virould 
be  necessary  to  preven'b  their  destruction  by  enemy  air  or  ground  action. 
Destruction  or  failure  of  a dam  would  release  a flood  v;ave  of  short 
duration  that  would  temporarily  prevent  or  harass  crossing  operations 
and  might  cause  failure  of  other  do'y-nstream  structures.  Breaching  of 
permanent  dams  or  damage  to  the  operating  mechanism  would  prevent  use- 
ful operation  of  the  gates,  especially  for  cyclic  wave  operation.  Such 
destruction  by  enemy  action  would  also  prematurely  release  flood  v/aves 
that  could  hinder  movaments  of  our  forces  belov/  the  dams.  Deliberate 
demolition  of  those  structures  vrould  prevent  their  use  by  the  enemy 
during  a later  critical  period. 
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SP0OIAL  STUDY  S-53-3 

ARTIFICIAI  FLOODING  POTMTIALIHES 
VOTETIAN-PRIULI  PLABB  OF  NORTHEAST  ITALY 

SECTION  I 

WTROBJCTION 


1-01  ASSIGNMENT 

This  study  was  assigned  to  the  Military  Hydrology  Research 
and  ‘Development  Branch,  Engineering  Division, -Washington  'District,  by 
letter  from  Office,  Chief  of  En'gineers,  ENQ^ffi,  to  the  Division  Engineer, 
North  Atlantic  Division:  subject,  '%'lili'bary  Hydrology  R&D  Project  No, 
8-72-12-001:  Special  Assignment**  dated  9 January  1953, 

1-02  PURPOSE  AND  SCOPE 

a.  This  report  presents  information  regarding  the  hydraulic 
effects  and  nature  of  artificial  flooding  potentialities  in  the  YENETIAN- 
FRIULI  PLAWS  from  the  ISONZO  to  the  ADIGE  Rivers . The  maj  or  river  basins 
an  the  area  are:  the  ISONZO,  TAGLIAI.TEI'ITO,  LIVENZA,  PIAVE,  BRENTA,  BACCHIG- 
LIONE  and  ADIGE, 

be  The  stuefy  consists  largely  of  a compilation  and  consolida- 
tion of  information  presented  in  various  in-fcelligence  documents  and 
technical  -publications,  with  certain  supplementary  analyses  and  discus- 
sions, The  data  and  information  forming  the  basis  of  this  report  were 
limited  to  that  available  in  the  Washington,  D.  C,  area,  or  obtainable 
from  o-ther  sources  vdthin  the  time  allotted  for  the  study.  Detailed 
analyses  were  limited  -to  factors  considered  to  have  the  maximum  military 
effect,  A generalized  qualitative  evaluation  vras  made  of  the  less 
critical  elements  in  order  to  determine  their  relative  possibilities, 

A complete  investigation  of  the  entire  area  Yiould  require  considerably 
more  engineering  da-ta,  ‘Such  an  investigation  probably  would  yield 
quantitative  results  which  would  furnish  a more  complete  and  detailed 
view  of  the  artificial  flooding  potentialities  of  the  VENETIAN  PLABIS , 

c.  The  report  is  desigtied  to  furnish  basic  data  and  results 
of  analyses  needed  to  answer  questions  concerning: 

(1)  Normal  and  extreme  stages,  discharges  and  velocities 
at  key  stations  on  the  rivers  in  the  VENETTAII  PLABIS , 

(2)  Stream  characteristics  including  gradients,  depths, 
and  Yddtl-is  of  channel  and  flood -plain  on  thos  e streams  * 
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(3)  Data  concerning  locations  and  zero  elevations  of 
gaging  stations. 

(4)  Data  concerning  locations  and. dinensions  of  dams. 

(5)  The  extent  of  flooding  possible  by  erection  of 
tonporary  dams  or  disruption  of  drainage  and  irrigation  facilities. 

(6)  The  magnitude  and  duration  of  flood  waves  and  flow 
variations  created  by  breaching  or  regulated  discharge  from  the  dams  and 
reservoirs,  and  the  effect  on  military  bridging  and  crossing  operations. 


1-03  ARRANGEMHOT 


This  report  is  sub-divided  as  follows; 


Section  I 
Section  II 

Section  III 
Section  IV 
Section  V 
Bibliography . 
Tables 
Plates 
Eidiibit  A 


Exhibit  B 


Introduction 

Drainage  Basin  Characteristic's  and 
Developments 

Hydrologic  Characteristics 
Artificial  Flood  Potentialities 
Effect ^on  Military  Operations 


Abstracts  of  Technical  Literatiore  on 
Hydraulic  Developments  in  the 
VaJETIAlJ-FRIULI  PIABIS 
Gazetteer  ■ 


1-04  DEFINITIONS  AND  REFERENCE  DATUM 


a.  Equivalent  English-Metric  Texms.  Most  values  used  in  this 
report  are  in  the  Metric  Systan,  Conversion  factors  for  the  English  and 
Metric  systsns  are  presented  for  convenient , reference  in  Table  1, 


b.  Hydrologic  Terms  and  Abbreviations. 

(1)  The  following  abbreviations  are  used  in  this  report; 

cm  centimeters 

ram  millimeters 

m meters 

■ km  kilometers 

1 liters 

l<m2  square  kilometers 

m3  cubic  meters 

. m3/sec  cubic  meters  per  second 
hr  hour 

m/sec  meters  per  second 

1-2 
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(2)  Standard  Italian  hydrologic  terms,  "with  the  equivalent 
English  tenns  in  parentheses,  are  defined  in  Table  2. 

c.  Elevation  Datum*  All  elevations  referred  to  in  this  report 
are  in  meters  above  mean  sea  level  (msl)  of  the  Mediterranean  Sea,  the 
datum  of  the  Italian  ^'Instituto  Geografico  Militaire." 

d.  River  Distances*  In  this  report,  distances  are  expressed 
in  kilometers  measured  as  follows: 

(1)  ISONZO,  TAGLIAMENTO.  and  LIVEIilZA  Rivers:  map  distances 

measured  along  the  centerline  of  the  channel  from  the  mouth, 

(2)  PI/iVE,  BRENTA,  and  ADIGE  Rivers:  distance  from  the 

mouth  based  on  river  profiles  contained  in  documoats  listed  as  References 
2,  3 and  4 in  the  Bibliography  of  this  report, 

e.  Maps , The  drainage  basins  of  the  rivers  of  the  VENETIAN 
PLAINS  are  covered  by  the  follovdng  standard  American  AMS  (Array  Map  Service) 
and  British  GSGS  (Geographic  Section  General  Staff)  map  series: 


Scale 

AMS  Series 

GSGS  Series 

Sheet  Numbers 

1:250,000 

M591 

4230 

5,  6,  7,  73,  12,  13 

1:100,000 

M691 

4164 

I,  lA,  2,  3,  4,  4A,'4B,  9,  10,  ' 

II,  12,  13,  14i  14/1,  20;  21;  22; 
23;  24,  25;  26, • 26A,-35, '36,- 37, 
38,  39,  40;  40A,  40B,  48,  49, 

50,  51,  52,  53,  63,  64,  65 

1:50,000 

M791 

4229 

Same  as  1:100,000,  each  sheet' 
di-yided  into  quadrants;  I,  II, 
III  ani  IV 

1:25,000 

M891 

4228 

Same  as  1:50,000,  each  sheet  ' 
divided  into  quadrants:  NE,  SE, 
ST  ard  NYiT, 

<* 

f , Grid  System, 
the  1,000  meter  ^^niversal 

Grid  references  cited  in  this  report  are  to 
Transverse  Mercator"  (UTM)  Grid  Systau  unless 

othen*/ise  designated, 

g.  Gazetteer,  Geograp’nic  names  and  locations  of  places  men- 
tioned in  the  report  are  contained  in  a Gazetteer  included  as  Exhibit  B, 

1-05  RSFEREt'EES 


All  references  cited  in  this  report  are  listed  in  the  Bibli- 
ography following  Section  V of  the  text. 
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SEDHON  II 

DRAINAGE  BASIN  CHARAGTERIS-ttCS  AND  DEVEIjOMNTS 


2-01  GENERAL 

a.  The  rivers  of  the  YENETIAI'5  PLAINS  rise  in  the  ALPS  and  flow  ' 
generally  southward  through  deep  narrow  gorges  onto  the  broad,  flat  plains, 
emptying  into  the  ADRIATIC  SEA.  The  ALPS  are  the  chief  physiographic  fea- 
ture favoring  hydroelectric  pov;er  production  in  NORTH  ITALY,  Present 
hydroelectric  developments  have  made  ITiiLY  practically  self-sufficient 

in  electrical  energy.  Locations  of  the  major  rivers  and  tributaries  are 
shovffi  on  the  map  presented  in  the  report  as  Plate  1. 

b.  This  report  is  confined  to  consideration  of  the  plains  from 
the  IBONZO  westward  to  the  ADIGE  River.  The  mountain  area  is  considered 
to  the  extent  of  examining  the  hydraulic  effects  produced  in  the  plains  by 
Control  structures  located  in  the  headwaters. 

2-02  TOPOGR/iPHY 

a.  General,  The  region  is  bounded  on  the  north  by  the  Alpine 
mountains,  on  the  west  by  the  MONTI  BERICI  and  EUGANEAN  HILIS,  and  on  the 
southwest  by  the  northern  part  of  the  PO  delta.  The  area  can  be  divided 
into  three  parts:  the  coastal  zone,  the  lorr  plain  and  the  high  terraces 
Tfhich  border  the  mountain  zone.  Plate  2 is  a physiographic  diagram 
illustrating  the  general  nature  of  the  terrain  and  References  2 through  17 
contain  detailed  topographic  descriptions  of  the  region.  Exhibit  A desr- 
cribes  the  region  by  river  basin, 

b«  The  coastal  zone  extends  approxiirately  10  miles  inland 
from  the^  coast,  and  is  indicated  by  the  railvray  line  which  runs  from 
I®STRE  to  PORTOGRUivRO  ad  then  eastward  to  the  ISONZO  River.  This  area 
contains  tw  large  shallow  lagoons,  the  L/iGUNA  DI  VENETA  and  the  LAGUNA 
DI  MAR/sJ'IO,  The  land  is  vrell  drained  between  the  two  lagoons.  Across 
this  zone  the  rivers  are  regulated  and  restricted  to  single  channels 
between  higla  embankments.  The  SILE  at  one  time  flowed  into  the  LAGUNA 
VENETA  but  is  new  diverted  around  the  northeastern  end  of  the  lagoon  in 
an  siibankod  artificial  course.  The  BRHITA  has  been  similarly  diverted 
around  the  southwestern  end  of  the  LAGUNA  VENETA,  The  BACCHIGLIONE  has 
had  its  entire  lower  course  straightened,  and  the  LIVENZA  and  PIAVE  Rivers 
also  have  had  much  of  their  former  meandering  courses  mthin  the  delta 
strai gjitened  and  confined  by  levees. 
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c.  The  lovf  plain  rises  gradually  from  the  northern  edge  of  the 
coastal  zone  to  a line  indicated  approximately  by  the  railroad  from 
PIAZZOLA  SUL  BIMITA  through  TiffiVISO  to  PONTE  DI  PIAVE.  Pfom  this  point 
the  boundary  runs  northeast  to  PORDEMONE,  then  east^v■ard  throu^  BA®IARIA 
AISE  to  the  ISONZO  River.  Across  this  area  the  main  rivers  meander  in 
diked  flat-bottomed  channels.  The  PI/iVE  and  TAGLI/’il',®! TO  Rivers  enter 
the  low  plain  in  broad  beds  a mile  or.  more  ivide  mth  several  cliannels 
flowing  tlirough  a maze  of  sand  and  gravel*  Belovf  PONTE  DI  PIAVE  and 
VARMO  the  braided  beds  become  single  navigable  channels.  East  of  the 
TAGLL'U/’IENTO  River,  the  northern  edge  of  the  plain  is  clearly  indicated 
by  a "fontanili*  or  "line  of  springs,* 

d.  The  hi^  terraces  rise  more  steeply  than  the  low  plain  zone 
northward  to  a line  indicated  by  the  jimction  of  the  mountains  and  high 
terraces  (see  physiographic  diagram,  Plate  2).  West  of  the  LIVENZA  the 
land  is  generally  v/ell  drained  except  in  the  small  areas  between  the 
hills  Yfhich  are  found  along  the  line  of  junction  between  the  plain  and 
the  mountains . East  of  .the  L.TVENZA,  many  of  the  rivers  which  come  down 
from  the  mountains  disappear  into  permeable  gravels  and  are  normally  very 
dry.  Here,  the  TAGLMIINTO  and  MEDUl-IA  Rivers  flow  in  deep  valleys  a mile 
't'dde  "VTith  braided  courses.  They  are  stoney  and  gravelly,  and  the  sides 
of  the  channels  rise  70  feet  or  more  from  the  river  bed  to  the  terraces 
on  either  side. 

2-03  GEOLOGY 

The  coastal  plain  has  predominantly  clay  soils  which  are  dry  due 
to  an  extensive  drainage  and  iriugation  system.  The  low  plain  is  cimiposed 
of  gently  undulating  sands  and  sandy  clays  which  is  generally  dry.  Irriga- 
tion is  necessary  and  the  whole  area  has  an  intricate  pattern  of  irrigation 
channels.  West  of  the  LIV®IZA  River  the  high  terrace  is  composed  of  sands 
and  gravels  with  a capping  of  li^t  clays.  East  of  .the • LIVH'I ZA  River, 
the  hi^  terrace  area  is  characterized  by  great  fans  of  gravels  extending 
from  the  mountain  edge  dovm  to  the  southern  limits  of  the  area.  Detailed 
inf  ormation  is  contained  in  References  2 tlirough  17.  Reference  is  also  riKide 
to  paragraph  A-Q3  of  Exhibit  A. 

2-04  DPuilNAGE  AREAS 


The  total  drainage  area  of ’the  regim  frcm  the  ISONZO  River  to 
the  ADIGE  River  is  about  38,000  km^,  of  vihich  approximately  25,000  km^  is 
mountain  basin  drainage.  Drainage  areas  at  key  gaging  stations  are  listed 
in  Table  3.  The  gaging  stations  are  designated  by  Serial  Nos,  G-1  to  G-38 
and  are  located  on  the  general'map,  Plate  1.  A tabulation  of  drainage 
areas  for  son®  of  the  major  rivers  follov/’s: 
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River 

Location 

Drainage  Area 

Name 

1 

Gaging  Station 

ISOWZO 

PIERIS 

G-3 

3',369 

TAGLRMMTO 

jjiTisim 

G-13 

2^300 

PIAVE 

PONTE  DI  PI/VVE 

G-21 

3;763 

BRENTA  • 

SARSON 

G^22 

i;563 

/iDIGE 

CAV/lJELL/v 

G-3  8 

11,954 

2~05  GR/.DIENTS  AND  PROFILES 

River 

gradients  are  steep  in  the  mountain  regions  and  ' 

•ably  more  gradual  belcw  the  points  vfhere  the  streams  enter  the  plains 
region,  as  iray  be  seen- on  the  river  profiles  of  Plates  3a  to  3g»  The 
high  terraces,  hovrever,  have  considerable  slope.  The  profiles  presented 
do  not  in  some  cases  include  the  river  source  but  e:cbend  into  the  mountains 
only  far  enough  to  include  any  major  hydraulic  structures  if;hich  may  exert 
an  effect  on  the  plains  area  v/ithin  the  scope  of  this  study.  The  relation 
of  mountain  strean  slopes  to  those  of  -bhe  plains  are,  honever,  clearly 
indicated.  A tabulation  of  average  gradients  of  major  streams  follov/s: 


’ Reach 

Average  Gradient 

River 

River 

m/km 

ISONZO 

0-63 

1.6 

-M 

63-84 

4*8 

*■  ' 

84-88 

25.0 

H 

88-102 

3.6 

CORITM-ZA  (Tributary) 

102-118 

25.0 

li  «. 

118-120 

125 

TkGLmmm 

0-45 

0.1 

m 

45-139 

4.2 

LUMIEI  (Tributary) 

139-147 

12.5 

« It 

14-7-157 

50,0 

LB7®IZii 

0-110 

0.45 

9 

11(1-113 

317 

PIAVE 

0-42 

0.1 

42-172 

4,0 

172-206 

14.1 

BRENTA 

0-76 

0.2 

76-120 

3.1 

120-174 

5.6 

ADIGE  - 
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1,3 
12,5 
48 
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2-06  CH^WNEL  DEPTHS 

Depths  of  the  streams  are  greatly  influenced  by  large  power 
dams  in  the  head-waters  and  by  numerous  navigation  ani  irrigation  struc- 
tures in  the  plains  region.  River  gage  heights  are  discussed  in  para- 
graph 3-03.  Field  investigations  to  determine  the  height  of  the  gage 
zeros  above  the  stream  beds  would  afford  ameans  of  determining  river 
depths  by  analysis  of  the  river  stage  records . 

2-07  CHANIffiL  /JJD  FLOOD-PLAIN  T/IDTHS 

In  general,  the  rivers  of  this  area  are  narrow  in  the  mountain- 
ous head-imters  and  are  wider  in  the  plains  rega.on.  The  PIAVE,  iVEEDUNA  and 
TAGLIAMENTO  Rivers  have  braided  channels  where  they  enter  the  high  terraces 
from  the  mountains,  and  are  a mile  or  more  in  width.  In  the  lovirer  plains 
and  delta  regions,  the  river's  are  confined  by  levees.  In  the  lovfer  plains 
where  the  rivers  are  leveed,  the  flood  plains  are  limted  to  the  complex 
systems  of  road  and  railroad  enibanloriGnts. 

2-08  NAVIGATION 

a.  General.  Internal  navigation  in  Italy  is  minor  economic 
inportance  since  it  handles  less  than  5 percent  of  the  total  volume  of 
freight  traffic  ±a  Italy.  This  is  not  due  necessarily  to  the  waterTOy 
systsn  itself,  but  rather  to  the  excellence  of  the  hi^way  and  railroad 
systems.  This  watem'/ay  system  is,  hovrever,  imp'>rtant  from  a military 
standpoint,  not  only  for  its  utilization  in  defensive  teclmiques  but  also 
as  a line  of  communications  from  the  coast  to  important  inland  industrial 
centers  using  small,  shallw/  draft  ampMbious  equipment.  Principle  navi- 
gable watervrays  are  shn'm  on  Plate  1.  The  follcr<7ing  information  is  based 
on  Reference  19  and  additional  data  may  be  found  in  References  16,  18  and 
20.  The  total  length  of  navigable  rivers  and  canals  in  Italy  is  1966  kilo- 
meters, The  northern  lakes  accoinnodate  362  kilometers  uf  pas^,enger  ser- 
vice. Excluding  the  lakes,  the  lengths  o’f  pilnciple  navigation  sy stars 
in  the  TMETI/N  PL/iINS  area  are  as  follows; 


VENETIAiN  COASEL'i  CmiOj  440 

VENICE-DRd'IDOLO-PO  and  POLESINE  278 

ADIGE  RIVER  172 

VH^ICE-PADOV/i-ESTE  and  BATTAGLIAv  BROI'JDOLO  150 


b.  The  VMETIf'J'J  Coastal  Canal,  completed  in  1918  as  a main 
supply  line  for  the  Italian  Army,  is  navigable  for  600  ton  barges  for 
its  entire  length  of  109  kilometers.  Smaller  barges  not  exceeding  300 
tons  can  be  accomnodated  by  those  rivers  vdiich  flow  to  the  ADRIATK, 
including  the  SILE,  PIAVE,  LIVEMZA,  TAGLIA!TMTO,  3TSLLi\,  GORNO  and  the 
AUSA,  all  of  which  are  connected  to  the  Coastal  Canal, 
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0.  VBI13E-BRONDOL(>-PO-POLESINE  Canal  System.  Barges  of  600  .tons 
can  S'afely  navigate  approximately  one-half  of  the  102  kilometers  of  canal 
netvrork  from  the  PO  to  the.  lagoon  of  VENUE  consisting  of  the  CHI0GGI/1-. 
B'RENEOLO-PO  Canal  of  40  kilometers,  the  15  kilt^meter  LOREO  Canal,  and  .the 
GOHZONE  Canal  for  a distance  of  47  kilometers.  Small  boats  only  can 
negotiate  the  LOREO  Canal,  vdiile  the  water  level  must  be  high  on  the 
GORZONE  Canal  for  even  small  boats  to  navigate,  • • = 

d.  The  ADIGE  River  between  CER/lDJO  and  CAV/iNELL/^  D« ADIGE,  a , 
distance  of  172  kilometers,  can  accortmodate  smcG.1  boats  traveling  down- 
fiver  only  because  of  the  strong  current  and  then  only  during  high  mter,- 

■ e.  The  VMICE-P/UOVA-ESTE  and  B..TTAGLIA  BRQNDOLO  canal  network 
will  -support  only  small  boat  traffic  for  a distance  of  150  kilometers',  .It 
is  ‘being  modernized  ^nd  deepened  to  accoirm'odate  100  ton  barge  traffic,  . 

' 2-09-  regul;.tion 

• I.  ■ ** 

» 'The  many  hydroelectric  povrer  dams  and  reser'voirs  in  ■the  mountain- 

ous headv/aters,  and  diversion  structures  for  irrigation  and  navigation  in 
the  plains,  region  •matez’ially  influence  the  flcm  in  'the  streams.  The  • 
streaj'ns  are  torrential  in  character  and  vary  considerably  between  hi^ 
and  lovf  discharges.  Constant  supervision  is  necessary  because  of  the 
constantly  changing  river  beds,  Channel  rectification  and  confinement 
of  the  rivers  to  single  channels  in  the  lower  plains  and  delta  areas 
provide  flood  protection  during  periods  of  normal  high  rrater.  'De'tails 
of  flood  protection  provided  on  the  PI/iVE, 'BACCHILIOQ^E-BREJ'ITA,  and 
ADIGE  Rivers  are  contained  in  References  2,  3 and  4 respectively. 

2-10  miB  reservoirs 

General.  North  Italy  produces  and  uses  far  more  electric 
power  than  any  other  part  of  the  country.  About  75  percent  of  Italian 
electric  power  production  and  almost  the  same  amount  of  the  country's 
total  industrial  capacity  are  in  North  Italy,  Despite  the  abundance  of 
■water  power,  however,  it  has  been  difficult  to  regulate  the  rivers  in 
order  to  obtain  a constant  supply.  The  construction  of  seasonal  reser- 
voirs on  a scale  ivlthout  parallel  has  made  Italy  practically  self- 
siifficient  in  electric  energy,  De’bailed  information  on  hydroelectric 
povfer  production  is  contained  in  References  21  and  22, 

b,  Ma.jor  Hydroelectric  Dams  and  Reser'voirs.  The  maj or  dams 
creating  reservoirs  for  hydroelectric  p.wer  production  are  located  on 
the  head-waters  of  the  rivers  in  the.  Alps  and  are  characterized  by  rela- 
tively'lot/  flows  and  hi^  heads,-  The  power  plants  are  generally  in 
seiries,  that  is,  the  plantv/hich  derd.ves  its  Y/ator  from  the  reservoir 
supplies  the  next  plant  dov^d-s treat),  by  means  of  a pressure  conduit; 
thus,  .each  plant  drav/s  its  water  firom  the  discharge  of  the  plant  imme-  • 
diately  above.  In  addition  to  the  dams, many  of  the  natural  lakes,  des- 
cribed in  paragraph  2- 13a  contain  considerable  amounts  of  Y/&ter  available 
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for  power.  The  largest  of  these,  LAGO  S.  CROCE,  tes  a storage  capacity 
of  120  million  n? , Locations  of  major  projects,  desigiated  as  Serial 
Nos,  R1  to  R37,  inclusive,  are  shown  on  the  general  map,  Plate  1,  and  a 
summary  of  available  data  is  presented  as  Table  4.  Paragraphs  A-04  to  iU09 
of  ExliibitA  contain  descriptions  of  Important  povrer  developments  as  . 
translated  and  abstracted  from  technical  literature.  Additional  informa- 
tion may  also  be  found  in  References  17,  23  through  64,  76,  78,  79  and  80, 
Sketches  of  the  dams  considered  in  this  study  appear  on  Plates  8a  to  8d, 


A tabulation  of  pertinent  data 

on  the  dams 

considered  in  this. 

study  follows 

Dam 

LTJMIEI 

PIEVE  DI  CADORE  S.  VALENTINO  S.  GIUSTINA 

River 

LUMIEI 

PIAVE 

ADIGE 

NOCE 

Serial  No, 

R-^- 

R-11 

R-22 

R-28 

Storage  (10%3) 

72.8 

64.3 

110.0 

182.2 

Height  (m) 

136 

55 

32 

150 

Gates-Spillway 

Nond 

2-9x6 .9 

3-22  m dia. 

;g-9x4.5 

Gates-ScourJS- 

2-3. 0x2.3 
l-2,3xl,6 

2 

2 

l-2.8x4.2 
l-2.3x3 ,6 

*For  safety  precautions,  Italian  Government  regulations  require 
the  LUr/[IEI  Dam  type  of  sluice  gates  in  the  PIEVE  DI  CADORE, 

VAL  GALLINA  and  S.  GIUSTINA  Dams  because  of  ease  in  opening. 

This  type  of  vertical-lift,  double-gated  outlet  is  detailed 
in  Fig.  1 of  Plate  8a, 

c.  Minor  Dams, 

(1)  There  are  numerous  small  dams  and  vreirs  in  the  plains 
and  coastal  areas  vjhich  divert  the  streams  for  purposes  of  power,  naviga- 
tion and  irrigation.  The  operation  of  these  lovr-head,  run-of-river  type 
of  power  plants  is  dependent  upon  the  flow  >f  v/ater  in  the  rivers.  Since 
they  do  not  store  la.rge  quantities  uf  water,  they  di.'  not  generally  affect 
the  river  discharge  except  between  the  points  of  diversion  and  return, • 

As  in  the  case  of  the  major  power  plants,  discussed  in  paragraph  2-lOb, 
the  small  power  plants  are  characteristically  in  series,  the, plant  down-  ' 
stream,  being  dependent  upon  the  discharge  of  the  upstream  plantj  however, 
instead  of  pressure  conduits,  the  plants  are  inter-connected  by  open  power 
canals.  In  seme  instances,  vrater  is  diverted  from  these  power  canals  to 
irrigated  areas.  The  small  plants,  designated  by  Serial  Nos.  P-1  to  P-5 

on  Plate  1,  are  only  a few  of  the  many  existing  srmll  plants.  These 
plants  were  included  in  the  study  only  for  p-')ssible  supplementary  discharge 
data.  Additional  information  may  be  found  in  Reference  17, 

(2)  Except  during  periods  of  extrone  high  vrater  and  low 
water  periods,  navigable  depths  are  maintained  on  the  inland  waterways 
discussed  in  paragraph  2-08  by  weirs  and  locks.  These  same  structures  in 
many  cases  also  divert  rra, ter  for  irrigation,'  This  dual. type  of  diversion 
is  discussed  in  paragraph  2-12  of  this  report, 
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^-11  LEVEES 

Many  of  the  rivers  in  their  lower  reaches  in  the  plains  and 
delta  regions  have  had  their  courses  straightened  for  navigation,  and 
levee  systeins  have  been  constructed  for  flood  protection,  Gonplete 
detailed  data  on  the  levees  in  the  entire  area  considered  in  this  study 
were  not  available.  Additional  information  |or  the  HAVE,  BRENTA  and 
ADIGE  Rivers  may  be  found  in  References' 2,  3 and  4,  respectively, 

2-12  CANALS 

a,  Italy  does  nt>t  have  a network  nf  inland  navigation  of  the 
extent  and  importance  of  those  found  in  France,  Belgium,  Holland  and  . 
Germany  for  several  reasons ; orographic  and  geographic  conditionsj  lack 
of  mines,  coal,  etc.,  which  produce  the  ra-’St  tonnage  of  traffic  on  most 
vraterways^  and  the  excellence  of  the  highway  and  railroad  systons.  With 
the  exception  of  the  VENETIAN  Coastal  Canal,  the  principal  canals  con- 
structed in  the  VENETIAN  PLAINS  are  for  the  dual  purpose  of  navigation 
and  irrigation, 

b.  These  mixed  canals  do  n-.-'t  have  the  characteristics  of 
modern  inland  navigation  canals  as  th(=y  are  designed  for  the  ultimate 
utilization  of  Y/ater  principally  for  irrigation.  They  are  designed  almost 
exclusively  to  carry  f Iovys  during  periods  of  high  vrater  ivithout  regard  to 
the  types  of  craft  Y/hich  ply  the  canals,  and  ivithout  consideration  of  the 
traffic  pattern  or  the  junction  points  vdth  other  systems,  all  of  which 
are  elements  considered  in  the  planning  of  navigation  canals.  In  the 
case  of  li)iv- lying  canals,  it  is  necessary  to  drain  the  vrater  from  the 
reclaimed  land  to  common  collection  points  vhere  it  is  pumped  to  the 
higher  canal  systans.  These  canals  are  in  most  cases  supplied  by  rivers, 
springs  or  from  rainfall.  Main  inland  waterway  routes  are  shoYm  on  Plate 
1, and  Plate  9 delineates  the  extent  of  irrigation  and  reclamation.  Dual 
purpose  canals  are  discussed  in  Reference’  65  and  de-bails  of  irrigation 
canals  are  contained  in  Reference  66.  Reference  is  also  xtade  to  Exhibit .. 
A,  paragraph  A-06a(7),  A-07,  A-08  and  A-09a(l0). 

2-13  LAKES,  GLACIERS,  LAGOONS  AND  MARSHES 

a.  Lafees . A number  nf  lakes  are  located  in  the  headivaters 
of  the  maj  or  streams  which  f Ioyy  into  the  VENETLiN-FRIULI  PLABIS . The 
lake  bottoms  lie  much  loYrer  than  the  outlets  Yhich  are  usually  anall 
streams.  Consequently,  only  a limited  amount  of  the  lake  storage  can 
be  released.  Some  of  the  lakes  are  utilized  for  hydroelectric  power 
production.  The  area  and  volui-ne  of  some  of  these  lakes  with  reference 
to  pertinent  paragraphs  of  Exhibit  A describing  hydroelectric  power 
developments  utilizing  natural  lakes  are  as  follows: 
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2- 13a 


Lake  (La go) 

River 

Basin 

Area 

_(km2) 

Volrnie 
(million  m3) 

Exhibit  A 
oar. 

CAVAZZD 

TAGLIAMENTO 

1.7 

18 

S . CROCE 

PIAVE' 

120 

A-06h 

•MORTO 

P.IAVE 

— 

3 

A-06h 

CALDONAZZE 

BRENTA 

5.4 

141 

— 

LEVICO 

BRENTA 

1.1 

20 

~ 

CALD/lRO 

JlDIGE 

1.5 

— 

Glaciers,  The  ADIGE  River  is  the  only  stream  in  this  area 
that  has  glaciers  fjf  any  significance  in  tiie  ALPINE  headwaters.  The 
ADIGE  has  185  glaciers  vdth  a total  area  of  278  km^, 

c.  Lagoons  and  Marshes . From  VENICE,  southward  to  the  PO  River, 
the  coastal  ssone  crynsists  off-shore  sand  bars  which  rise  a few  feet 
above  sea  level,  behind  which  lie  shallow  lagoons  generally  not  more  than 
a foot  deep,  except  for  the  channels  which  have  been  dredged  for  the  . 
VENETIAN  Coastal  Canal,  Betvreen  the  rivers  in  this  region  are  areas  of 
marsh,  lagoon,  nr  reclaimed  land  cut  off  from  the  sea  by  north  and  south 
parallel  lines  of  sand  dunes.  The  lagoons,  surrounded  by  marshy  ground, 
are  gradually  silting  up.  Much  of  this  land  on  either  side  of  the  ADIGE 
has  been  reclaimed.  Eastward  from  VENICE  to  the  ISCNZO  River,  the  coastal 
area  is  also  a regi'-jn  of  shallow  lagoons  and  marshes  barred  frcxn  the  sea 
by  an  almost  continuous  line  of  dunes.  In  all  respects  it  is  similar  to 
area's  at  the  mouths  of  the  BRENTA  and  ADIGE,  Torrential  rivers  bring 
dovm  masses  of  silt  during  flood  periods,  constantly  adding  land  by  deposi- 
tion in  the  shallnv/  lagoons.  The  accimiulation  cf  silt  about  the  mouths  . 
of  the  'ISONZO,  TAGLIAI'4ENT0  and  PliiVB  has  peimitted  reclamation  of  seme 
,of  the  area.  East  of  the  TAGLI/iMENTO  in  the  low  plain  region  is  a. broad 
band  of  rrarsh  land  which  extends  southv/ard  from  the  line  of  springs 
almost  to  the  northern  edge  of  the  o^astal  marsh  and  lagoon  area,  , , 

f 

2-14  BRIDGES 

Reliable  infoimation  concerning  the  present  status  of  bridges 
was  not  available  in  this- office;  however,  the  bridge  sites  used  in  this 
study,  as  takai  from  maps,  are  indicated  on  the  river  profiles.  Plates  3a 
•through.  3g»  Pre-war  bridge  data  is  contained  in  References  7,  67,  68  and 
69.  'Reference  70  is  the  partial  a?mpletion  of  a road  survey  under  way  in 
1949  and  does  not  con-bain  information  in  this  particular  area  as  of  that 
date. 
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SECTION  III 

HYDROLOGIC  CHAR/iCTERISTICS 


3-01  GENERAL 

a.  Data  concerning  river  stage,  discharge,  flow  duration  and 
velocity  are  presented  in  generalized  form  as  far  as  practical  in  order 
to  facilitate  the  application  of  the  data  to  specific  military  problems. 
The  references  cited  should  be  used  for  supplementary  data. 

b.  Available  hydrologic  records  are  fairly  complete  for  the 
perivid  1922to  1946,  Continuity  of  records  has  been  hindered  by  changes 
in  locations  of  gages,  discontinuation  -'f  oH  and  establishment  of  new 
gage  sites  and,  in  some  cases,  changes  in  gage  zeroes, 

3-02  CLmTOLOGY 

The  rainfall  regime  of  the  area  is  mainly  of  the  continental 
type.  The  heaviest  rainfall  •ccurs  in  the  ALPS  and  the  lightest  in  the 
lowlands.  The  prevailing  direction  r-f  wet  air  masses  is  from  the  westj 
hence,  more  rain  falls  on  the  v/est  side  ;.--f  the  mountains  than  on  the 
sheltered  east  side.  Winter  has  the  least  amount  of  rainfall  while 
spring  and  autumn  are  the  vrettest  periods  of  the  year.  Several  valleys 
in  the  ALPS  have  a single  maximum  in  summer  (July)  a minimum  in  winter 
which  is  the  exact  reverse  of  the  true  Mediterranean  type.  There  is 
permanent  snow  in  the  ALPS  above  elevation  8800  ft-9800  ft  (2700  m— 3000  m) 
above  msl.  In  the  northern  plains  snovr  is  said  to  lay  from  8 to  10  days. 
Snow  even  persists  for  several  months  in  the  Alpine  valleys.  Winters 
are  damp  and  fairdy  cold  in  the  plains,  averaging  32°  to  39°  January, 
VENICE  has  an  average  of  13  days  of  minimum  temperatures  belov/  freezing 
in  January,  The  simmers  are  hot  in  the  plains,  iidth  mean  temperatures  in 
July  ranging  from  75°-82°,  but  excessive  heat  is  rare.  Rainfall  and 
temperature  records  for  the  VENETI^>N -FRIULI  PLAINS  are  published  in 
References  71  and  72.  Additional  information  on  clinate  may  be  found 
in  References  2,  3,  4,  11  and  16,  The  seasonal  variation  in  precipitation 
is  illustrated  by  the  following  table  from  Reference  16; 


’ CONFIDENTIAL 

SECURITY  INFORMATION 


CONFIDENTIAL 

SECURITY  INFORMATION 


]\M  MONTHLY  PRB3IPITATiaN  (INCHES) 

ALPS  3BTRIA  FLAMS 

BOLZANO  BELLUNO  TRIESTE  UDINE  VICENZA  VENICE  PADOVA 


Jan 

1,0 

1.9 

2.2 

2.6 

2,8 

1.4 

2.1 

Feb 

1,0 

2.2 

2.3 

3.1 

3.1 

1.7 

1.9 

Mar 

1,7 

3.7 

2.8 

4.6 

4.2 

2.1 

2.4 

Apr 

2.2 

4.1 

2.9 

5.4 

4,7 

2.2 

3.0 

May 

2.8 

3.7 

5.9 

5.5 

2.8 

3.4 

Jun 

3.2 

5.2 

4.1 

6.9 

4.7 

2^ 

3.4 

Jul 

4.5 

3.7 

4.8 

3.0 

1.9 

2.5 

Aug 

3.6 

4.1 

3.7 

4.9 

3.5 

2.0 

2,6 

Sep 

2.8 

4.8 

4.0 

6.5 

4.9 

2.6 

3,0 

Oct 

3.1 

4.8 

7.0 

itZ 

3.7 

M 

Nov 

2.1' 

3.0 

3.6 

4*8 

4*4 

2.2 

3.3 

Dec 

1.3 

2.8 

3.4 

3.7 

3.4 

1.6 

2.5 

Year 

29.1 

48.2 

41.8 

61,1 

50.3 

26.3 

33.9 

No.  Years 

16 

25 

24 

25 

25 

25 

— 

3-03  STRE/JVF  GAGING  STATIOKB 

Numerous  stream  gages  have  been  established  on  the  principal 
rivers  and  tilbutaries»  Locations  of  key  stations,  designated  by  Serial 
Nos,  G-l,to  G-38,  are  shoTm  on  the  general  map,  Plate  1,  and  on  the 
stream  profiles,  Plates  3a  to  3g*  Stage  records  and  other  data  for 
additional  stations  may  be  found  in  References  71  and  72,  Pertinent  gage 
data  compiled  from  these  references  are  suninarised  in  Table  3* 

3-04  RIVER  STAGES 

a.  Records , The  mean  and  extrone  stages  of  record  are  tabulated 
in  Table  3.  The^  data  shoim  were  compiled  from  Reference  71  and  cover 
various  periods  of  record.  As  indicated  in  Table  3,  some  of  the  stations 
are  influenced  by  tides  and  the  operation  of  irrigation  and  navigation 
structures.  The  effect  of  noimal  operation  of  the  small  run-of-river 
hydroelectric  plants  is  believed  t(;  be  slight  because  they  do  not  store 
large  quantities  of  water.  The  major  dams,  hovrever,  which  are  under 
construction  or  which  have  been  recently  b^iilt  in  the  ALPBIE  headwaters 
will  have  an  appreciable  effect  on  the  dovjnstream  gages, 

b.  Stage  variation.  Seasonal  stage  variation  is  illustrated 
on  the  graphs  of  mfxithly  mean  stages  presented  on  Plates  4a  to  4e.  With 
the  exception  of  the  /UlIGE,  the  livers  of  the  VEJJETIAN -FRIULI  PLAINS 
have  tpro  periods  of  maximum  stages,*  one  occurring  in  the  late  spring, 
the  other  in  the  late  fall.  The  /dllGE  has  the  characteristics  of  the 
ALPINE  type,  vath  the  maximum  stages  occurring  in  June  as  a result  of 
the  melting  of  snen'/  and  glaciers  in  the  ALPS  during  the  spring.  The 
ranges  betvreen  high  and  lov/  stages  at  representative  stations  are  shown 
in  the  following  tabulation: 
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3-04b 


Streaim 

Station 

Serial 

No. 

Gage  Heists  (m) 
Mammum  Minimum 

KONZO 

GAN/^LE 

G-1 

10,60 

0,66 

TAGLI/iMMTO 

PIOVERNO 

G-9 

4.08 

0,08 

LIVEN  ZA 

FI/iSCHETTI 

G-14 

6.17 

1.96 

PI/iVE 

SEGUSINO 

G-19 

4.52 

0,05 

BRENTA 

SARSON 

G-22 

4.65 

—0,80 

BACCHIGLIONE 

VICENZA 

G-25 

5.56 

0.18 

ADIGE 

iLLBEREDO 

G-34 

2.70 

-3.65 

c.  Stafi'e  duration.  Stag'e  duration  curves  for  several  key 
stations  are  exhibited  on  Plate  5.  These  curves  show  the  percent  of 
time  that  a given  stage  imay  be  expected  to  be  equalled  or  exceeded, 

3-05  RIV5R  DISCPRilGES 

a.  Records . There  are  very  fevr  discharge  measuring  stations 
within  the  VENETI/II-FRIULI  PL/JMS.  Data  for  small  hydroelectric  plants, 
which  are  located  on  the  general  map,  Plate  1,  and  designated  by  Serial 
Nos,  P-1  to  P-5,  were  extracted  from  Reference  17  to  supplanent  the 
meager  discharge  information  available  in  this  area, 

b»  Stage-dischar ge  relation . Average  stage-discharge  rating 
curves  for  certain  stations  are  presented  on  Plates  7a  to  7c,  Insuffi- 
cient basic  data  concerning  discharge  measurements  and  the  channel' 
characteristics  (cross-sectional  area,  vretted  perimeter,  roughness,  etc.) 
were  available  to  accurately  deteimine  stage-discharge  relation  curves. 
These  curves  wore  estitrated  from  the  meager  data  contained  in  Reference 
71  and  from  channel  characteristics  as  taken  from  maps, 

c.  Discharge  variations.  Stream  discharge  follows  the  same 
seasonal  pattern  as  the  stage  (see  paragraph  3-04b),  Mean  and  extreme 
discharges  are  included  in  Table  3 for  stations  vj’here  data  v;ere  available 
and  seasonal  variations  are  presented  on  Plates  4a  to  4e.  The  foUovi/ing 
tabulation  illustrates  the  range  in  discharges  at  the  stations  within  the 


plains  region; 

Serial 

Discharge 

(m^/s) 

River 

Station 

No. 

Ifexiraum  Minimum 

ISONZO 

CANALE 

G-1 

1080 

17,1 

TAGLIAMENTO 

PIOVERNO 

&-9 

2000 

15,4 

LIVENZA 

FI/iSCHETTI 

G-14 

86,5 

6.2 

PlfiVE 

SEGUSINO 

G-19 

1200 

17,9 

BRENTA 

SARSON 

G-22 

673 

71.8 

BACCHIGLIONE 

MONTEGALDELL/l 

G-26 

295 

5*5 

ADIGE 

BOARi't  PISMI 

G-36 

1871 

58,0 
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d.  Discharge  duration.  The  percent  of  time  that  a given 
discharge  may  be  eixpected  to  be  equalled  or  exceeded  is  shcwm  on  the 
duration  curves  of  Plate  ‘6.  These  curves  were  derived  from  data  given 
in  Reference  71. 

3-06  RIVExR  VELOCITIES 

a.  General,  River  velocities  vary  according  to  the  configuration 
of  the  river  channel,  depths,  obstruct! ..ns,  restrictions,  variations  in 
slope,  etc,  Channel  rectification,  v/alls  and  levees,  the  operation  of  dams 
and  diversion  structures,  and  other  alterations  to  natural  conditions 
materially  affect  the  stream  velocity.  Tributary  rivers  during  flood 

tend  to  raise  the  elevation  of  the  water  in  the  main  channel;  consequently, 
correlations  between  velocity  and  river  stage  at  gaging  stations  are  not 
applicable  at  all  points  along  the  adjacent  river  reaches,  but  serve 
merely  as  indications, 

b.  Surface  velocities.  Estimated  mean  cross-sectional  velocities 
were  obtained  by  the  methods  used  to  determine  stage-discharge  relations 
discussed  in  paragraph  3-05b.  These  mean  cross-sectional  velocities  were 
increased  18  percent  to  indicate  the  mean  surface  velocities.  As  dis- 
cussed in  Reference  83,  the  mean  cross-sectional  velocities  should  be 
increased  by  25  to  75  percent  to  obtain  the  maximum  surface  velocities 
likely  to  be  encountered  daring  crossing  operations.  Estimated  mean  sur- 
face velocity  curves  are  presented  on  Plates  7a  to  7c,  Mean  surface 
velocities  at  selected  stations  for  mean  vrater  and  maximum  natural  flood 
conditions  arc  tabulated  below  to  give  a general  indicati.^n  of  stream 
velocities: 


Mean  Surface  Velocity 


River 

Station 

Serial 

No. 

River 

m 

(m/sec) 

Mean  Stage  Maximum  Stage 

TAGLIAI./EWT0' 

IMVILLBIA 

G-8 

130 

0.5 

1.0 

TAGLI/mTO 

PIOVERWO 

G-9 

109 

1.5-2.0 

3.5 

PI/iVE 

SEGUSBIO 

G-19 

95 

0, 5-1.0 

1. 5-2.0 

ADIGE 

TREITTO 

G-31 

253 

0,5— 1.0 

1,0 

ADIGE 

PESCATIITA 

G-33 

168 

1.0 

1.5 

c.  .Flood  T/ave  travel  time.  The  rate  (xC  travel  of  various 
flood  peaks  varies  considerably.  The  estimated  average  rates  of  travel 
tabulated  belpv/  are  based  on  data  in  Reference  4 for  6 floods  that  occurred 
on  the  ADIGE  in  1926  and  1928.  The  travel  times  listed  for  the  other 
rivers  are  based  on  data  contained  in  Reference  71  for  3 floods  that 
occurred  in  1928, 
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3-06c 


River  Reach 

Serial 

No. 

River 

Kn 

Average  Travel 
Rate  of  Peak 
(kn/hr) 

3S0NZ0  R. 
CMALE-PIERIS 

G1-G3 

52-9 

6 

TAGLI/\M®T0  R. 

PINZAN0-UT3BMA 

G10-G13 

89-32 

4 

LIVMZA  R. 

FI/iSCHETTI-S . CASSIAtIO 

G1/|^G16 

103-79 

1 

S.  CASSI/xNO-MOTTA 

G16-G17 

79-45 

3 

PIAVE  R. 

SEGUSINO-NERVESA  -- 

G19-G20 

9^64 

4 

BRENTA  R. 

LIMENA-GORTE 

G23-G24 

67-26 

7 

ADIGE  R. 

PONTE-TRENTO 

G28-G31 

312-253 

9 

TRENTO-PESGATINA 

G31-G33 

253-168 

8 

PESGAT3NA-BOAR/1  P3SANI 

G33-G36 

168-51 

7 
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SECTION  IV 

ARTIPTCIAL  FIOODBIG  POTENTIALITIES 


4-01  C3ENERAL. 

a.  The  teim  “artificial  flood®  as  used  in  this  report  applies 
to  any  major  increase  in  the  extent  of  flooding,  over  that  nonflally  pre- 
vailing with  existing  developments,  that  is  brought  about  by  manipula- 
tion of  ccntrol  structures,  breaching  of  dams  or  levees,  or  temporary 
damming  operations  designed  to  create  flooding  conditions.  Applications 
of  artificial  flooding  considered  in  this  report  fall  into  the  following 
four  general  categories; 

(1)  Still-water  barriers ^ created  by  flooding  land  to 
form  water  obstacles,  using  such  means  as  breaching  levees,  diverting 
flow  from  canals,  raising  crests  of  existing  dams  or  constructing  tempor- 
ary dams,  , 


(2)  Drainage  obstacles  or  mud-flats,  in  which  the  wet- 
ness of  the  soil  is  increased  to  form  muddy  or  rrarshy  conditions  which 
would  impede  military  traffic,  brought,  about  by  disrupting  the  normal 
drainage,  destroying  pumping  and  drainage  facilities  used  to  drain 
marshy  or  low  land,  or  by  inducing  shallov/  inundation  of  flood-plains  or 
reclaimed  land.  Mud‘-flats  may  also  be  formed  ly  draining  areas  nonmally 
inundated  by  reservoirs  or  ponds. 

(3)  Stream  flow  variations,  in  which  changes  in  dis- 
charges, depths,  velocities  and  I'ddths  of  streams  are  brought  about  to 
hinder  stream-crossing  operations  or  navigation  such  as  might  be  accom- 
plished by  opening  and  closing  outlet  works  of  viater  control  structures, 

(4)  Major  flood  v/aves.  created  by  sudden  breaching  of  a 
dam  to  release  large  quantities  Of  impounded  water, 

b.  Certain  opportunities  exist  for  effective  use  of  these 
artificial  floods  on  the  streams  of  the  VEtJEHM-FRIULI  PLAINS  of  North- 
east Italy  covered  by  this  report.  This  section  presents  a revievT  of 
the  potentialities  and  a quantitative  evaluation  of  the  hydraulic  effects. 
Reference  should  be  made  to  Section  V for  discussion  of  associated  mili- 
tary factors. 


c,  A measure  of  the  possible  extent  of  artificial  flooding  is 
the -extent  of  natural  floods  e3q>erienced  in  a river  basin.  The  flood  of 
1882  was  the  greatest  e^qjerienced  in  this  area,  especially  along  the 
LOl'ilER  ADIGE  River,  Reference  is  made  to  the  document  listed  as  Reference 
4 and  to  paragraph  A-09g  of  Exhibit  A of  this  report  for  description  of 
the  effects  of  this  flood.  Plate  10  shows  the  zone  inundated  along  the 
ADIGE  River  during  this  flood.  The  natural  and  artificial  levee  breaks 
also  indicated  on  that  plate  mi^t  serve  as  indications  of  likely  loca- 
tions for  levee  breaching  in  connection  with  artificial  flooding  operations. 
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d.  A conprehensive  detailed  study  of  potential  deliberate  inun- 
dation of  areas  in  the  NORTH  ITALIAN  PLAIN  by  means  of  diversion  of 
natural  stream  flows  is  contained  in  an  Inter-Service  Topographical 
Departoent  Study  (ISTD/K/391),  listed  as  Reference  9 in  the  Bibliograpby 
of  this  report*  That  cited  study  considers  the  possibilities  of  inun- 
dation by  diversion  of  natural  stream  flow  through  levee  breaks  and 
breaches  d\iring  periods  of  moderate  and  high  discharges;  but  it  does 

not  include  study  of  possibilities  of  artificial  augmentation  of  stream 
discharges  or  stages  as  considered  in  this  report*  Reference  should  be 
made  to  that  ISH)  study  for  supplementary  information  on  locations  and 
extent  of  potential  inundation. 

e.  The  use  of  artificial  inundation  in  act  ml  military  oper- 
ations is  illustrated  in  *Le  Piene  dei  Fiurai  Veneti  e i Prowedimenti  di 
Difesa-il  Piave,"  listed  as  Reference  2 in  the  Bibliography  of  this  re- 
port* Chapter  10  of  this  reference  discusses  the  effect  of  rivers  on 
the  T/ar  in  northeast  Italy  during  1915-1918  and  the  Battle  of  the  PIAVE* 
This  article  states  that  because  effective 'entrenchments  for  stopping 

the  enemy  advance  were  entirely  inadequate,  the  Military  Hydraulic  Officer 
of  the  Supreme  Ccmmand  (Italian  Amy)  in  cooperation  with  the  Magistrate 
of  Rivers  (Civil)  flooded  the  entire  area  between  the  channels  of  the 
PIAVE,  old  PI/iVE  and  SILE  Rivers,  Details  of  how  or  vrhere  this  deliberate 
flooding  v;as  accomplished  are  not  given  in  this  reference, 

4-02  STILL-VfATER  BARRIERS  AND  DRAINAGE  OBSTACLES* 

a*  General,  The  studies  revievfed  in  tlris  paragraph  pertain  to 
artificial  flooding  produced  by  still-v/ater  barriers  and  drainage  obstacles 
at  selected  points  on  the  V®IE  TIM -FRIULI  PLAINS  of  Northeast  Italy.  The 
studies  were  largely  based  on  a map  study  using  1:25,000  maps  supplemented 
with  high  altitude  aerial  photographs.  Exact  determination  of  elevations, 
contours  and  boundaries  vras  not  possible;  however,  the  results  of  the 
study  are  believed  to  offer  good  indications  of  the  relative  possibilities 
of  such  flooding  at  typical  locations  on  the  major  rivers  in  the  area. 
First-hand  information  should  be  obtained  by  local  reconnaissance  regard- 
ing gieund  elevations  and  the  locations,  elevations  and  dimensions  of 
levees,  roadfills  and  culverts  in  the  vicinity  of  specific  sites  in  order 
to  accurately  establish  the  area  subject  to  artificial  flooding, 

b.  Hvdrolo&c  Considerations* 

(1)  The  effect  of  artificial  flooding  is  largely  contingent 
upon  the  hydrologic  conditions  prevailing  at  the  time  of  the  operation* 

The  volume  of  vmter  stored  and  available  in  the  basin,  the  river  stage 
a‘hd  the  rate  of  flow  of  the  stream  are  important  factors.  Reference  is 
mhde  to  Section  HI  for  detailed  descriptions  of  the  conditions  to  be 
expected* 


(2)  Attention  is  directed  to  the  vdde  range  betweai  high 
and  low  flows  and  to  the  seasonal  variations  in  flo?;  in  the  rivers 
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4-02 

crossing  the  ITALIAN  PLAIN*  Reference  is  made  to  Section  III  of  the 
report,  to  paragraph  A-.033  of  Exhibit  A,  and  to  plates  4 and  6 for  de- 
tails of  these  variations.  Hi^er  flocds  may  be  expected  in  spring  and 
autum  than  in  s-uramer  or  mnter,,  During  dry  periods,  flow  often  dis- 
appears under  ground  in  the  region  of  permeable  alluvial  moraines  near 
the  foot  of  the  mountainous  region  and  reappears  farther  dovmstream. 

Thp  range  of  mean  and  extrane  discharge  as  given  in  Exhibit  A are  pre- 
sented below  to  illustrate  the  possible  rangd  of  discharges  to  be  expected. 


Discharges  (m^/sec) 

River 

mw 

ME, 

IF 

330NZ0 

1200 

40 

13 

TAGLIAMENTO 

1500 

80 

50 

PIAVE 

3000 

60 

40 

BRMTA 

1035 

140 

25 

BACCHIGLIONE 

770 

■78 

38 

ADIGE 

2500 

220 

100 

c.  Means  of  creating  Still-v/ater  barriers  and  drainage 

obstacles. 


(1)  The  water  obstacle  afforded  by  the  rivers  and  canals 
of  the  VENETIAN -FRIULI  PLAINS  couM  be  increased,  by  utilization  of  one 
or  more  of  the  follovdng  means:  ■ 

(a)  Creation  of  still-v/ater  barriers  by  construction 
of  tauporary  dams  at  bridge-sites,  combined  v/ith  closing  of  culverts  and 
other  openings  in  levees  and  embankmaits  in  the  area. 

(b)  Inundation  >f  the  lowlands  along  the  stream  by 
breaching  levees  and  by  opening  of  flood  gates  in  levees. 

(c)  Inundation  of  lowlands  by  Interfering  vrith  their 
natural  or  artificial  drainage  or  irrigation  facilities. 

(2)  Due  to  the  large  number  of  potential  sites  in  this 
extensive  area  and  to  the  scarcity  of  specific  detailed  topographic  and 
bridge  data,  the  scope  of  this  phase  of  the  study  was  limited  to  sites 
affording  the, greatest  potential  flooding  possibilities.  Ehiphasis  was 
placed  on  creation  of  still-water  barriers  at  bridges  along  the  tv/o 
major  east-west  railroad  lines  crossing  the  areA>  namely;  the  VERONA- 
VKENZA-TREVISO-UDINE-GORIZIA  line  and  the  railroad  closer  to  the  coast 
throu^  M/iNTOVA-PADOVA-TRIESTE.  It  is  believed  that  effects  at  these 
sites  would  afford  good  indications  of  potential  effects  at  other  sites 
'along  the  same  rivers.  The  height  of  temporary  dams  considered  -vras 
arbitrarily  selected  as  3-4  m above  mean  water  (MF)  as'  a reasonable  maxi- 
mum hei^t  to  afford  a basis  of  comparison  of  effects  at  various  sites, 
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Where  breaching  of  levees  was  involved,  the  estimate  of  resulting  flood- 
ing of  lowlands  was  taken  on  the  conservative  side.  It  was  also  assumed 
that  the  pools  formed  wuld  be  level  and  that  mean  water  conditions  would 
prevail  at  the  time  of  the  operation.  During  times  of  hi^  flows,  the 
water  surface  gradient  could  be  expected  to  result  in  greater  flooding 
than  estimated  in  this  study, 

(3)  Deliberate  inundation  would  also  be  possible  along  the 
delta  sections  of  the  ISONZO,  STELLA,  TAGKEWTTO,  LIVENZA,  PIAVE,  SIDE 
and  BRBNTA,  as  the  streams  in  that  coastal  region  lie  belov;’  the  level  of 
the  surrounding  countiy.  A similar  condition  exists  on  the  ADIGE  River 
belov/  VERONA,  However,  the  entire  plains  north  of  the  PO  River  lie  above 
sea  level.  Therefore,  any  flooding  there  would  have  to  be  effected  by 
diversion  of  water  from  the  streams  through  breaches  in  the  anbankments 
rather  than  by  flooding  from  the  ADRIATIC  SEA,  Reference  is  made  to  the 
document  listed  as  Reference  9 for  additional  information, 

d.  Effect  of  still-water  barriers. 

(1)  General.  The  effects  of  still-water  barriers  at 
typical  points  are  summarized  in  Table  5 and  the  extent  of  inundation  is 
illustrated  on  Plate  11.  The  areas  indicated  on  Plate  9 as  irrigated  or 
reclaimed  areas  also  offer  possibilities  for  shallow  inundation  by  means' 
of  disruption  of  normal  drainage  facilities.  As  illustrated  on  Plate  11, 
the  ADIGE  River  offers  the  only  possibility  of  the  formation  of  a contin- 
uous barrier.  Forn'ation  of  continuous  barriers  on  the  ISONZO,  TAGLI/iMENTO, 
LIVENZA,  PI/iVE  and  BRENT  A Rivers  is  not  considered  practicable  except  in 
their  extreiie  lower  delta  region.  The  appreciable  north-south  slope  and 
general  flat  east-west  slopes  of  the  terrain  in  the  plains  along  these 
rivers  vrould  cause  pools  formed  behind  temporary  dams  to  spread  trans- 
versely rather  than  along  the  rivers  . Review  of  the  effects  of  still— 
v;ater  barriers  and  drainage  obstacles  on  the  rivers  of  the  VENETI/J^-FRIULI 
PLABIS  of  Northeast  Italy  folloivs, 

(2)  ISONZO  River. 

(a)  At  the  PAPARIANO  RR  Bridge,  Km  10  (Site  No.  1 on 
Table  5 and  Fig.  II,  Plate  ll),  it  would  be  possible  to  fom  an  isolated 
pool  by  raising  a temporary  dam  to  elevation  9,5  m (approximately  3m  + Ml'T), 
If  the  levees  were  left  intact,  the  pool  foimed  would  be  about  l/2  km 
long  and  3/4  km  vdde  with  a maximum  overbank  depth  of  3/4  m.  If  the  right 
levee  were  breached  when  the  stage  vra.s  raised  to  9.5  m,  flow  could  be 
diverted  along  the  RR  embankment  for  1,5  km  to  a low  spot  along  the  embank- 
ment (elevation  9*0)  where  it  then  could  flow  downstream  behind  the  right 
bank  levee  to  foim  a pool  at  elevation  9.0  between  the  right  levee  and 
the  anbanked  road  3/4  kra  west  of  the  right  bank.  By  raising  the  tanporary 
dam  to  elevation  9,5,  combined  iTrith  breaching  the  right  levee  and  sand- 
bagging this  lo\'v  point  on  the  RR  line,  it  vrould  be  possible  to  form  a pool 
vdth  an  area  of  4 km^  and  a maximum  depth  of  1.5 
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(b)  Pools  of  the  same  1®pe  could  probab]iy  be  fonned 
at  other  bridge  sites  on  the  ISONZO  below  GORIZIA,  As  stated  above, 
pool  lengths  would  be  short  along  the  river  and  would  show  a tendency 
to  spread  transverse  to  the  river.  It  vrauld  be  necessary,  therefore, 
to  find  sites  where  embantonents  parallel  to  the  river  would  confine 
the  pool  jji  this  transverse  direction. 

(c)  As  shov/n  on  Plate  9,  the  left  bank  of  the 
ISONZO  below  GRAD3SCA  is  irrigated  from  the  river,  an  area  about 

10  km  long  by  5 km  wide  is  involved.  Formation  of  a drainage  obstacle 
might  be  possible  by  means  of  manipulation  of  the  irrigation  and 
drainage  facilities  in  this  area. 

(3)  TAGLIAMENTO  River. 


(a)  From  the  point  ^There  it  enters  the  plain  near 
PONTE  DI  PINZANO  (Km  89)  to  the  vicinity  of  RCNCHIS  (Km  40),  the 
TAGLIAlvlENTO  flows  between  levees  1-2  km  apart.  Ihe  river  itself 
flows  through  this  vidde  area  in  a complicated  pattern  of  small  inter- 
laced channels.  These  channels  are,  in  general-,  small  and  would 
appear  to  offer  little  or  no  natural  obstacle  to  crossing  at  periods 
of  loxT  or  mean  vater. 

(b)  The  river  bed  in  the  vicinity  of  the  RR  bridge' 
at  Kt]  32  near  LATKANA,  show  as  Site  No,  2 on  figure  IV  of  Plate ’ll, 
appears  to  be  entrenched  below  the  plain.  Levees  also  seam  to  be  lov; 
in  this  vicinity.  Therefore,  this  location  is  not  considered  suitable 
for  creation  of  an  effective  still-water  barrier.  However,  breaking 
of  levees  in  the  reaches  downstream  from  LATISANA  could  inundate  areas 
up  to  3 km  on  each  side  of  the  river  duriag  periods  cf  above  normal 
stages,  according  to  Reference  9. 

(c)  The  reach  upstream  from  LATISANA  to  RDNCHIS, 

Kn  40,  appears  to  be  entrenched;  consequently,  formation  of  effective 
still-iTater  barriers  by  erection  of  temporary  dams  is  considered  im- 
practicable . 


(d)  At  CASELLO  (Em  59)  Site  No,  3,  it  vrould  be 
possible  to  inundate  the  flood  plain  between  the  levees  by  raising  a 
temporary  dam  to  elevation  50  (appro xiimately  4 m above  mean  water). 

This  would  form  a pool  1,0  km  long,  1.5  km  vri.de,  and  with  a maximum 
depth  of  3 m and  an  average  depth  of  1 m.  If  the  pool  level  were 
^ised  above  50  ra,  the  left  levee  could  be  overtopped  and  flow  diverted 
dowstream  behind  the  left  levee.  This  diverted  flow  vrould  form  a 
series  of  pools  behind  various  low  secondary  embankments  along  the 
left  bank  below  the  touporary  dam  site  as  indicated  in  Table  5 and  on 
Figure  IV  of  Plate  11,  Temporary  damming  operations  at  other  sites  in 
this  reach  would  probably  result  in  similar  pools. 
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(e)  Above  CASELLO  a considerable  area  of  the  left 
bank  is  irrigated  as  indicated  on  Plate  9.  Manipulation  of  irrigation 
and  drainage  facilities  in  this  area  would  probably  result  in  the  fonrn- 
tion  of  a shallow  drainage  obstacle. 

(4)  LIVENZA  River. 

(a)  The  reaches  do^vnstream  fnim  the  railroad  at 
S,  ANASTASIO  (Im  34),  have  a considerable  amount  of  reclaimed  and  irri- 
gated land  along  the  right  bank  covering  an  area  about  15  l<m  long  by 
10  km  mde  as  indicated  on  Plate  9»  Interference  and  manipulation  of  the 
drainage  facilities  in  this  area  would  probably  form  an  effective  drainage 
obstaple . 


(b)  Forimtion  of  a still-ivater  barrier  at  S.  ANASTASIO, 
(Site  No,  4 in  Table  5 and  Fig.  HI  of  Plate  11)  does  not  appear  practicable 
due  to  the  entrenched  nature  of  the  river  in  this  locality. 

(c)  At  MOTTA  DI  LTVH^ZA  (I5n  45),  Site  5,  it  would  be 
possible  to  form  a pool  1,0  km^  in  area  by  breaching  both  levees  and 
raising  a tsnporary  dam  to  elevation  7.0  m (see  Table  5 and  Fig.  Ill  of 
Plate  11),  By  breaching  both  levees,  tiw>  road  embankments  and  a RR 
embankment  on  the  left  bank,  the  flooded  area  could  be  extended  to  cover 
an  area  of  2,5  with  a maximum  dep'th  of  1,5  m.  In  addition,  it  might 
be  possible  to  divert  the  flov/  behind  the  left  levee  causing  the  fometion 
of  a drainage  obstacle  betvreen  the  river  and  the  CANALE  MALGHER, 

(5)  PIAVE  River. 

(a)  On  the  PIAVE  River  the  slope  of  the  ground  is 
such  tret  a condition  exists  similar  to  that  on  the  ISONZO  in  v/hich  the 
pools  vrould  tend  to  spread  transverse  to  the  river  rather  than  along  the 
stream  and  the ’main  problem  v/ould  be  to  confine  this  lateral  flov/  to 
prevent  its  dispersion  to  other  drainage  channels . 

(b)  As  mentioned  in  paragraph  4^02d(4),  the  area 
between  the  LIVENZA  and  the  PIAVE  Rivers  and  below  the  S.  BONA  DI  PIAVE- 
S.  ANASTASIO  RR  Line  is  sho;wion  Plate  9 to  be  mostly  reclaimed  land  and 
could  probably  be  used  as  an  effective  drainage  obstacle.  Breaching  gaps 
in  the  river  banks  in  the  delta  region  could  inundate  areas  reaching  as 
much  as  6 Ion  from  the  river  according  to  Reference  9.  Another  large 
irrigated  area  lies  on  the  right  bank  covering  practically  the  entire 

20  Ion  portion  between  the  two  east-west  railroad  lines  and  extending 
about  30  km  toward  the  BRENTA  River,  ffenipulation  of  the  irrigation  and 
drainage  vrorks  in  these  areas  could  probably  be  utilized  to  form  a shallow 
drainage  obstacle. 
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(o)  At  S.  BONA  DI  PIAVE  (Kn  23),  Site  No.  6,  it 
would  probably  be  possible  to  flood  the  area  between  the  road  embankments 
lying  1 l<m  either  side  of  the  river.  Determination  of  length,  depth  and 
area  tos  not'possible  due  to  lack  of  specific  infoimation  at  this  site. 
Consequently,  no  indication  of  possible  extent  of  flooding  at  Site  No.  6 
was  shown  on  Figure  V of  Plate  11. 

(d)  At  Site  No.  7,  located  at  the  PONTE  DI  PIAVE 
railroad  bridge  at  Kn  43,  it  would  be  possible  to  flood  an  area  3 km 
long  between  the  levees  by  raising  a temporary  dam  to  elevation  8.0  m 
(see  Table  5 and  Fig.  V of  Plate  11).  The  depth  of  this  pool  would 
probably  be  less  than  1 m. 

(e)  Farther  upstream  at  Site  No,  8,  I&n  60,  erection 
of  a temporary  dam  at  the  PRIULA  railroad  bridge  to  elevation  69,  combined 
with  breaching  the  right-bank  levees  v/ould  create  a still-^ater  barrier 
1,0  lera  long  by  2 km  v/ide  with  a maximum  depth  of  3 m. 

(6)  BREIvfTA  River. 


(a)  Four  possible  sites  for  still-water  barriers  at 

railroad  bridges  on  the  BRH'ITA  River  vrere  studied.  These'vrere  Site  No,  9 
at  PONTE  DI  BRENTA  (Km  44),  Site  No.  10  at  PADOVA  (l&i  49),  Site  No.  11  at 
C/MPO  S.  72),  and  Site  No,  12  at  FONT/^NIVA  (Kn  86).  Relative 

locations  <j£  these' sites  are  indicated  on  the  key  map  of  Plate  11.  At 
all  of  these  sites,  the  river  appears  'to  be  entrenched.  Therefore, 
formation  of  still-water  barriers  by  temporary  damming  operations  \ras 
considered  impracticable. 

(b)  As  sh'wra  -n  Plate  9,  a considerable  area  about 
20  len  long  and  30  l<ra  vdde  east  of  VICMZA  is  irrigated.  Manipulation  of 
the  irrigation  and  drainage  vrorks  in  this  area  y/ouH  probably  result  in 
the  formation  of  a shallovr  drainage  obstacle  of  considerable  extent, 

I 

(c)  During  periods  of  high  v/ater,.  cutting  of  embank- 
ments at  any  point  belo\T  STRA  (near  PADOVA)  vrould  inundate  land  for  up  to 
1 km  or  so  on  each  side  of  the  river,  accox’ding  to  Reference  9. 

(7)  ADIGE  River. 


(a)  As  stated  in  paragraph  402-d(l)  and  shavm  on 
Plate  11,  the  ADEGE  River  offers  the  only  possibility  of  the  formation 
of  a continuous  barrier.  On  'the  ADIGE  below  LEGNAGO,  Km  96,  the  water 
level  is  at  all  times  above  the  level  of  the  surrounding  ground.  In 
this  region,  it  is  only  necessary  'to  breach  the  river  levees  at  strategic 
points  during  times  of  moderate  to  high  stages  and  discharges  to  inundate 
much  of  the  area  lying  between  the  ADIGE  and  PO  Rivers  as  vrell  as  the 
del"ba  sections  between  the  ADIGE  and  BACCHIGLIONE  Rivers,  Reference  is 
made  to  Plates  9,  10  and  11  for  illustration  of  the  possible  extent  and 
to  Plate  10,  paragraph  A-09g  of  Exhibit  A,  and  to  References  4 and  9 for 
locations  of  likely  points  of  levee  breaching  to  cause  such  flooding. 
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(b)  Below  CAVARZERB,  Km  25,  the  level  of  the  ground 
is  generally  near  or  below  sea  level  and  the  area  could  probably  be  flood- 
ed by  tidewater  if  the  river  dikes  were  breached. 

(c)  Between  CAVARZERB  and  LEQMAGO  study  was  made  of 
the  possibility  of  flooding  on  the  right  bank.  As  sh'wm  on  Table  5 and 
on  Fig.  1 of  Plate  11,  a series  of  pools  could  be  formed  varying  in  width 
from  1 to  6 km.  This  represents  a minimum  condition  to  be  expected  at 
periods  of  mean  or  low  water.  In  periods  v/here  sufficient  volumes  are 
available,  it  would  probably  be  possible  to  inundate  the  entire  area 
between  the  ADIGE  and  the  PO  Rivers  as  indicated  in  Reference  9.  In 
addition  to  the  right  bank  flooding  illustrated  on  Plate  11,  it  is 
probable  that  a similar  type  of  flooding  could  be  accomplished  on  the 
left  bank.  Analysis  of  possible  flooding  in  this  flat  region  would  be 
contingent  upon  availability  of  detailed  data  concerning  elevations  and 
locations  of  levees  and  other  terrain  features.  Large  scale  topographic 
maps  supplemented  by  local  field  reconnaissance  vrould  be  necessary  to 
secure  such  data. 


(d)  As  shown  on  Plate  9,  there  arc  extensive  irri- 
gated and  reclaimed  areas  in  the  vicinity  of  the  ADIGE,  extending  for 
nearly  200  km  to  vrell  above  VERONA,  Practically  the  entire  10  to  20  km 
wide  strip  between  the  ADIGE  and  PO  Rivers  consists  of  low-lying  reclaomed 
land.  Manipulation  of  the  drainage  and  irrigation  works  in  these  areas 
would  probably  result  in  the  formation  of  extensive  drainage  obstacles. 

The  document  listed  as  Reference  9 contains  considerable  detailed  dis- 
cussion of  potential  inundation  of  this  region, 

e . Water  reduirotenta  for  still— water  barriers..  ■ ' : - 

(1)  The  volume  of  water  required  to  create  the  still- 
water  barriers  at  suitable  sites  along  the  streams  covered  by  this  report 
described  in  the  preceding  paragraphs  and  shcavn  in  Table  5 and  on  Plate  11, 
together  with  the  estitmted  time  required  for  filling  at  the  average  rates 
of  flovr  during  periods  given  in  paragraph  4-02b(2)  are  approxirmtely 
as  follows; 
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Approximate 

Site 

YiTater  Required  Filling  Time 

River 

No, 

(million  m3) 

(days ) 

ISONZO 

1 

2.1 

0,5 

TAGLMffiN  ID 

2 

(Site  not  suitable) 

3 

3.5 

0.5 

LIVEN ZA 

4 

(Site  not  suitable) 

5 

2.6 

PI/iVE 

6 

(Volume  not  estimated) 

7 

3.0 

0,5 

8 

3.0 

0.5 

BRElITA 

9-12 

(Sites  not  suitable) 

ADIGE 

13 

60 

3.0 

U 

36 

2,0 

15 

36 

2.0 

16 

5 

0.2 

17 

22 

1.0 

18 

5 

0.2 

19 

15 

1.0 

(2)  Ihder  low  water  conditions,  it  would  require  app; 

mately  three  titles  as 

long  to  fill  the  still-water  barriers  as  shcwm 

the  preceding  table  for  mean  Y/ater  conditions  . During  high  water,  the 
required  time  would  be  considerably  reduced. 

(3)  Water  stored  in  the  hydroelectric  reservoirs  of  the 
basin  listed  in  Table  4,  cou!ld  be  used  to  supplaiient  natural  floiT  for 
filling  of  stiU-vrater  barriers.  Under  normal  conditionsj  emptying  of 
the  reservoirs  would  take  from  2 to  6 days,  Ihe  time  of  travel  vrould 
vary  mth  the  distance  from  the  damsite  to  the  location  cf  the  still- 
water  barrier  and  Tdth  the  hydraulic  characteristics  of  the  streams.  The 
rate  of  travel  would  vary  from  about  3 to  8 kra/hr  in  the  upper  reaches 
and  from  2 to  5 km/hr  in  the  lower  reaches  of  the  streams.  As.  a rough 
approxirration,  it  is  estimated  that  travel  time  from  the  region  of  the 
reservoirs  to  that  of  the  still-water  barriers  would  be  about  1 day  in 
the  TAGLIiiMENTO,  2 days  in  the  PI/^VE  and  2 to  4 days  in  the  ADEGEE  basin,  , 
The  follovd.ng  tabulation  shavs  that  the  total  capacity  of  the  reseiwoirs 
in  respective  river  basins  is  sufficient  to  fill  the  still-water  barriers 
listed  in  Table  5,  but  probably  might  be  insufficient  if  more  sites  were 
added  or  water  were  permitted  to  be  diverted  to  other  basins. 


, 

Total  Reservoir 

Still-water  Barrier 

River  Basin 

Storage  (million  m3) 

Volume  (million  m3) 

ISONZO 

7.9 

2.1 

TAGLM7ENT0 

72.8 

3.5 

LIVENZA 

131.0 

2.6 

PIAVE 

81,6 

6.0 

BREFITA 

0.2 

0 

ADIGE 

441.8 

179 
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4-03  STREAM  FLOW  VARBTIONS 


a.  General , This  paragraph  pertains  to  the  artificial  flow 
valuations  along  the  TAGLIi'iMEMTO,  PI/iVE,  and  AHEGE  Rivers  produced  by- 
release  of  water  from  the  regulated  outlets  of  LUMIEI,  PIEVE  DT  C/iDORE, 

S.  VAIMTINO  and.  S.  GIUSTINA  Dams,  designated  respectively  as  R-4,  R-H, 
R-22  and  R-28  on  Plate  1 and  in  Table  4.  Since  their  reservoir  capa- 
cities rank  among  the  largest  in  -the  region,  the  effects  of  outlet 
releases  from  these  structures  are  most  critical.  Releases  from  outlets 
of  the  smaller  reservoirs  listed  in  Table  4 could  be  expected  to  give 
flow  variatio'ns  of  lesser  significance.  C-onsiderable  additional  engineer- 
ing data  and  time  would  be  required  to  complete  a comprehensive  investiga- 
tion of  the  poten-fcial  flow  variations  that  could  be  produced  by  releases 
of  v/ater  from,  the  outlets  of  all  -fche  dams  T"d.thin  the  region.  Reference  is 
made  to  paragraph  2-10  and  to  Exhibit  A for  description  of  the  dams 
studied,  to  Plate'  1 for  locations,  to  Plates  8a  through  8d  for  sketches 

of  the  structures,  and  to  Table  4 summary  of  dam  data, 

b.  Hydrologic  Considerations. 

(1)  The  initial  river  stage  and  discharge  existing  at  the 
time  of  release  of  discharge  frcjm  a dam  greatly  influence  the  effects. 

PloiT  conditions  in  the  streams  of  the  region  vary  considerably  vri.th  the 
seasons  and  are  influenced  by  the  operation  of  irrigation,  drainage  and 
hydroelectric  projects  as  discussed  in  Section  HI  and  Exhibit  A.  The 
initial  or  base  stream  flows  at  the  start  of  the  artificial  flov/  vari- 
ations as  assumed  for  purposes  of  this  study,  approximate  normal  mean 
water  conditions « 


(2)  Reservoir  stage  and  storage  also  influence  the  effec- 
tiveness of  outlet  releases.  No  information  was  available  regarding  the 
seasonal  variation  of  specific  reservoirs.  Hov/ever,  the  pools  probably 
could  be  expected  to  be  full  in  late  spring  and  autumn  and  partly  full 
during  the  summer  and  vdnter,  lh‘  this  study  all  reservoirs  vrere  assumed 
as  being  full.  The  effects  of  outlet  discharges  when  the  pools  are 
partly  full  vrould  be  appreciably  .less  in  -both  magnitude  and  duration  than  for 
full  pool  conditions  . Reservoir  storage  capacity  curves  on  Plate  12  for 
the  four  dams  used  in  the  study  vrere  estimated  on  the  basis  of  meager 
data  contained  in  the  references  cited  in  the  dam  summary  of  Table  4. 

These  estimated  storage  curves  vrere  developed  by  the  method  presented  in 
Reference  84  in  which  storage  may  be  expressed  as: 


S.= 

Where  S = 
C = 
H = 
n =» 

where  h => 


CH^ 

storage  volume  (m^) 
a coefficient 
reservoir  depth  (m) 
an  exponent  representing:  E 

h 

average  depth  representing:  ...  J.°Tipe_  ay_  H 

surface  area  at  H 
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The  values  of  "C"  and  "n”  as  ccimputed  firom  available  data  for  the  four 
reservoirs  follov/’; 


Serial 

§ o 

H 

Reservrjir 

No. 

loV 

(m) 

C. 

n 

LUMIEI 

Rr-4 

72.8 

■*■■■■&. 

120 

8.6 

3.33 

PIEVE  DI  CADORE 

Rr-11 

64.3 

63.7 

2;  140 

2.48 

S.  VALENTINO 

R-22 

110,0 

27.5 

496,000 

1.63 

S.  GIUSTINA 

R-28 

182.2 

125 

9,600 

2.53 

(3) 

The  possibility 

of  cyclic  releases 

from  the 

reservoirs 

depends  upon  the  rate  of  refilling  of  the  depleted  storage.  A tabulation 
of  estimated  storage  capacities  and  estimated  average  refilling  times 
under  assumed  normal  mean  vrater  conditions  follovis; 


Reservoir 

Serial 

No. 

Pool 

Stage 

(msl) 

Estimated 
Storage 
(million  m^) 

Mean 

IMlov;- 

(m^/sec) 

Filling 

Time 

Days 

LMIEI 

Rr*-4' 

980.0 

72.8 

4 

210 

ETEVE  DI  CADORE 

R^ll 

683.5 

64.3 

20 

37 

S.  VALENTINO 

R-22  1496.8 

110.0 

16 

80 

S.  GIUSITNA 

R-28 

530 

182.2 

28 

76 

■ . (4)  During  the  dcwmstream  passage  of  an  artificial  flow 

variation  ^,'r  flood  vrave,  an,  appreciable  vtjlume  of  v/ater  is  retained  be- 
hind embankments,  in  depressions  on  the  flO’^d  plain  and  in  low  spots  of 
the  stream  channels  or  lost  through  evaporation  or  seepage.  For  example, 
39*5  percent  of  the  water  discharged  from  the  EDER  D/iM  breach  of  May  1943 
was  lost  in  passage  of  the  flood  wave  to  INTSCHEDE,  426.6  l<m  below  the 
dan  (see  Refs . 85  or  86) . As  discussed  in  paragraph  2-02,  many  streams 
crossing  the  VENETI/il-FRIULI  PLAIN  have  reaches  vrhere  the  permeability  of 
the  channel  and  valley  is  raNuer  high.  Consequently,  in  this  study  it 
was  assumed  that  1 percent  of  the  volume  of  discharge  would  be  lost  or 
retained  for  each  10  km  of  travel. 

(5)  Insufficient  data  were  available  on  the  smaller  resei>- 
voirs  located  downstream  of  the  four  darns  considered  in  this  study,  to 
permit  quantitative  evaluation  of  their  effect  upon  artificial  flo^.-ds 
caused  by  releases  from  the  upstream  dams  (see  Plates  1 and  3a  to  3g)» 

The  discharge  capacities  of  the  outlets  of  dams  located  on  the  same  stream 
are  probably  similar.  In  most  cases  the  dovmstream  dams  have  relatively 
small  reservoir  capacities.  For  example,  tine  combined  capacities  of 
MOLUiRO  (R-29)  and  RDCIISTTA  (R-30)  reservoirs  are  only  3.9  million  m^ 
contrasted  to  a storage  capacity  of  182.2  million  m^  in  S.  GIUSTIMA  (R-28) 
reservoir,  located  immediately  upstream.  Consequently,  in  order  to  facili- 
'tate  computations  vrithin  the  time  limit  allotted  -to  the  study,  it  vms 
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assumed  that  the  discharge  capacities  of  the  downstream  reservoirs  were 
sufficient  to  pass  the  artificial  floods  from  the  large  upstream  reser- 
voirs Ydthout  appreciable  change. 

c.  Meais  of  creating:  detrimental  flov/  variations.  Sudden  open- 
ing of  the  regulated  outlets  (and  gated  spillvrays  in  some  cases)  would 
produce  detrimental  flovr  variations  doYnstream  from  a dam.  The  magnitude 
of  the  discharge  depends  primarily  upon  the  size  and  type  of  the  outlets 
and  their  elevation  relative  to  the  reservoir  pool  elevation.  The  duration 
depends  upon  reservoir  storage  and  upon  the  length  of  time  that  outlets 
are  opai.  In  this  study,  it  was  assumed  that  the  outlets  were  suddenly 
fully  opened  v/hen  the  pool  was  full  and  left  open  until  the  reservoir  v/as 
emptied.  This  represents  the  maximum  condition  for  flow  variations. 
Reference  is  made  to  Plates  8a  to  8d  for  sketches  of  the  dam  structure  and 
to  Plate  12  for  the  estiimted  outlet  discharge  rating  curves  for  the  four 
dams  considered  in  this  stucty . The  curve  for  LUMIEE  Dam  (R-4)  T'Vas  based 
on  fairly  adequate  data  aaid  may  be  considered  as  reasonably  correct.  The 
curves  fur  the  other  three  dams  represent  approximate  estimates  based  on 
meager  available  data  contained  in  Exhibit  A.  The  follov;ing  tabulation 
summarizes  the  estimated  peak  discharges  from  the  fully  opened  outlets 
under  full  pool  conditions; 


Pool 

Estimated 

Serial 

Stage 

Discharge 

Dam 

No, 

(msl) 

(m^/s’ec) 

Outlets 

mmi 

R-4 

980,0 

610 

1 emergency  and 
3 scour  outlets 

PIEVE  DI  CADORE 

R-11 

683.5 

500 

2 scour  outlets 

S.  VALMTINO 

R-22 

1496.8 

430 

2 outlets  ■ 

S.  GIUSHNA 

R-28 

530 

1000 

Spillway  and 
2 scour  outlets 

d.  Effects  of  detrimental  flow  variations. 

(l)  General.  The  effects  of  detrimental  flow  variations 
along  the  TAGLI/'sMMTO,  PL'^VE  and  ADIGE  Rivers  produced  by  releases  from 
the  outlets  of  the  four  dams  considered  are  summarized  in  Table  6. 
Representative  resulting  discharge  hydrographs  at  key  locations  and  peak 
discharge  profiles  appear  on  Platos  13a  to  13c.  The  flow  variations  are 
desigiated  for  purpose  of  identification  as  follov'/s: 


Artificial 

River 

Serial 

Elood  No, 

Basin 

Dam 

No, 

Outlets 

1 

TAGLI/MTO 

LUMIEI 

R-4 

1 emergency  and 
3 scour  outlets 

2 

pmvE 

PIEVE  DI  CADORE 

R-11 

2 scour  outlets 

3 

/DIGE 

S.  V/LL0ITINO 

R-22 

2 outlets 

4 

ADIGE 

S.  GIUSTINA 

R-28 

Spillway  and 
2 scour  outlets 
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(2)  Artificial  yioijd  Mo,  1 represents  the  flow  variation 
in  the  TAGLI/iMEMTO  River  created  by  sudden  full  opening  of  the  three 
scour  outlets  plus  the  emergency  outlet  of  lUMIEI  Dam  (R~4)  showi  on 
Plate  8a  and  described  in  paragraph  A-05c  of  Bsdlibit  A,  The  reservoir 
v/as  c^'nsidered  to  be  at  the  full  pool  stage  of  980.0  ra  above  msl  at  the 
moment  of  gate  opening.  Gates  vrere  considered  as  being  left  fully 
opened  for  the  entire  55  hours  required  to  empty  the  reservoir.  The 
initial  discharge  from  the  outlets  of  610  m^/sec  would  cause  an  increase 
of  450  m3/sec  above  base  flow  at  PASSO  CAITUSSIO  ’ (G-11),  108  km  'downstream 
from  the  LUMIEI  Dam.  River  stage  at  PASSO  OAWUSSIO  vtouH  be  increased 
2.0  m during  the  passage  of  the  peak  flov/.  The  long  flat  peak  of  the 
flow  variation  is  illustrated  by  the  discharge  hydrographs' plotted  on 
Plate  13a.  The  profile  of  peak  discharge  sh.Twn  on  that  plate  is  also 
practically  flat.  These  are  characteristic  of  flovT  variations  created 
by  outlet  releases  from  a reservoir  of  large  storage  capacity.  Reference 
should  be  made  to  Table  6 for  summary  of  effects  on  discharge,  velocity 
and  the  extent  and  duration  of  the  resulting  flov:  variation  at  key  loca- 
tions along  the  TAGLIATjIENTO  River.  Extracts  of  pertinent  effects  froiri 
that  table  at  key  locations  follow; 


Station 

No. 

• - PE/iK  VALUES  - 

FLOOD  NO. 

1 

Duration 
above  bank 
days 

Stream 

Depth 

m 

Overf  lovf 
Height 
ra 

Width 

Flooded 

km 

Mean 

Surface  Vel. 
m/sec 

G-8 

2.5 

1.0 

0.7 

1.0 

2.0 

G-IO 

3.5 

Bankfull 

. 0.2 

1,2 

0 

G-11 

4.0 

• 0.5 

. 0.4 

1.2 

1*5 

(3)  Artificial  Flood  No.  2 involves  sudden  full  opening 
of  the  two  scour  outlets  in  PIEVE  DI  C/iDORE  Dam  (R-11)  at  a full  pool  stage 
of  683.5  m above  msl.  Location  and  dimensions  of  the  outlets  are  indicated 
on  Plate  8b  and  described  in  paragraph  A-06d(2)  of  Exhibit  A.  The  result- 
ing peak  discharge  of  500  m^/sec  from  the  outlets  vffruld  gradually  decrease 
for  about  48  hours  and  then  drop  sharply  as  the  major  portion  of  the 
reservoir  storage  became  exliausted.  As  indicated  on  Plate  13b,  the  result- 
ing flow  variation  along  the  PIAVE  River  Tfould  have  a long  flat  crest 
with  only  slight  reduction  in  peak  discharge  as  the  flow  progressed  dovm- 
stream.  At  PONTE  DI  PIAVE  {G-21),  about  135  Icn  below  the  dam,  the  increase 
in  discharge  v/ould  be  340  m^/sec  and  the  increase  in  stage  vrould  be  1.0  m 
above  the  values  at  initial  base  flov/  conditions  at  that  location.  Effects 
at  selected  key  locations  takm  from  the  summary  of  effects  presented  in 
Table  6 follow; 

PEAK  V/XUES  - FLOOD  NO.  2 


Stream 

Overflow 

Width 

Mean 

Duration 

Station  - 

Depth 

Hei^t 

Flooded 

Surface  Vel. 

above  bank 

’ 'No 

m 

m 

km 

m/sec 

days 

BELLdNO 

6.5 

2.5 

0.2 

1.5 

2.0 

G-20 

2.0 

Bankfull 

0.7 

1.0 

0 

&-21 

3.5 

0.5 

1.5 

0.7 

2.0 
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(4)  Artificial  Flood' No « 3 is  the  flow  variation  on  the 
ADIGE  .River  resulting  from  full  sustained  opening  the  tv/o  scour  out~ 
lets  of  S,  ViiLENENO  Dam  under  initial  full  p^'ol  conditions  rath  the 
reservoir  stage  at  elevation  1496.8  m above  msl  (see  Plate  8c  for 
sketches  and  paragraph  iw-09c(2)(a)  of  Exhibit  A for  description  of  the 
outlets).  The  initial  peak  discharge  of  430  m3 /sec  would-  drop  slowly  to 
empty  the  reservoir  in  about  130  hours.  The  flow  variation  TOuld  have 
a long  f]at  crest  as  indicated  on  Plate  13c.  Peak  discharge  at  ALBEREDO 
D 'ADIGE  (G-34),  285  belov;  S.  V/iKMTiNO  Dam  would  be  465  m3/sec, 
representing  an  inrease  of  215  m3/sec  above  the  assumed  250  m3/sec  initial 
base  flovf  at  that  location.  The  stage  would  be  raised  only  about  0.5  m 
above  base  flow  conditions  at  that  station  and  vrould  not  appreciably 
exceed  banlcfull  conditions  for  most  of  the  distance  fovirnstrearn  from  the 
dam.  Reference  is  made  to  Table  6 for  summary  of  effects.  The  follomng 
tabulation  presents  extracts  from  tl:at  table  at  selected  key  locations; 

PEAK  VALUES  - FLOOD  NO . 3 


Station 

No. 

Stream 

Depth 

m 

Overflow 

Height 

m 

Width 

Flooded 

Kn 

Mean 

Surface  Vel, 
m/sec 

Duration 
above  bank 
days 

G-28 

6,5 

Bankfull 

0.1 

1.1 

0 

G-31 

4.0 

Banlcfull 

0.3  ■ 

0,9 

0 

G-33 

3.0 

In  ban'ks 

0,2  ■ 

1.3 

0 

G-34 

3.0 

Bankfull 

0.6  ■ 

0,7 

0 

(5)  Artificial  Flood  No.  4 involves  flow  variation  on 
the  IJOCE  and  ADIGE  Rivers  created  by  sudden  opening  of  the  gated  spill- 
way and  tiTO  scour  outlets  of  S.  GIUSTIMA  Dam  (G-28)  on  the  NCCE  River.  ' 
Considering  initial  full  pool  conditions  at  elevation  530.0  m above  msl, 
the  initial  peak  discharge  of  1000  m3 /sec*  would  decrease  to  approximately 
625  m3/sec  in  6 hours,  at  which  time  the  pool  would  have  dropped  to  the 
spillTOy  crest  elevation.  Discharge  continuing  through  the  outlets  would 
practically  empty  the  reservoir  in  about '7  days.  The  spillway  and  outlets 
are  indicated  ori  the  sketches  of  the  dam^and  are  described  in  paragraph 
A-09e(3)(a)  of  Exhibit  A.  As  discussed  in  paragraph  4-03b(5),  it  was 
assumed  for  purposes  of  this  study  that  the  influence  of  the  tvro  anall 
downstream  reservoirs  (R-29  and  R-30,  shown  on  Plates  1 and  3g)  upon 
the  floiv  variation  from  S.  GIUSTINA  Dam  (R-28)  would  not  be  appreciable. 

The  flow  variation  of  Flood  No,  4 vrould  attain  a peak  discharge  of  640  m3/sec 
at  ALBEREDO  D' ADIGE  (G-34),  180  km  below  the  S.  GIUSTINA  Dam,  This  corre- 
sponds to  an  increase  above  base  flow  conditions  of  390  m3/sec  in  discharge 
or  1,0  m in  stage.  The  long  flat  crest  indicated  on  the  discharge  hydro- 
graphs of  Plate  13c  is  characteristic  of  flow  variations  created  by  sus- 
tained outlet  releases  from  a large  reservoir.  As  indicated  in  Table  6 
and  on  Plate  13c,  the  effects  of  this  flow  variation  in  the  lower  reaches 
of  the  ADI  GE  River  are  somewhat  larger  than  for  the  outlet  releases  from 

2^Plate  8d 
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S,  V/iLMTINO  Dam  (R-22)  (designated  as  Flood  No.  3)*  This  is  due  to  the  ^ 
shorter  distance  of  travel,  the  larger  outlet-  discharge  capacity  and 
larger  volume  of  flow  involved  in  Flood  No.  4.  The  flows  of  the  latter 
flood  sli^tly  exceed  bankfull  conditions,  while  Flocxi  No.  3 would  be  at 
or.- slightly  below  banks.  Critical,  effects  at  selected  key  stations 
along  tlie  ADIGE  River  for  Flood  No.  4 extracted  from  the  STmniary  of  effects 
in  Table  6 are  presented  in  the  following  tabvilation: 

PEAK  V/I.UES  - FLOOD  NO.  4 


Station 

No. 

Stream 

Depth 

Overfloiv 

Height 

Width 

Flooded 

Mean 

Surface  Vel. 

Duration 
above  bank 

G-31 

5.0 

1.0 

0.4 

1.0 

2.5 

G-33 

4.0 

Banlcfull 

0.3 

1.4 

0 

G-34 

3.5 

0.5 

0,9 

0.7 

3.0 

4-04  MAJOR  FLOOD  ITAVES 

General.  In  this  paragraph  are  contained  discussions  of 
the  major  artificial  flood  waves  that  could  be  produced  along  the  TAGLIA- 
MENTO,  PI/.VE  and  ADIGE  Rivers  by  breaching  of  the  LUT4IEI  (R-4),  PIEVE  DI 
CADORE  (R-ll),  S.  V/iENTBIO  (Er-22),  and  S.  GIUSTDTA  (R-28)  Dams.  As 
discussed  in  paragraph  4-03a,  the  flood  vraves  resulting  from  breaching 
of  those  dams  would  be  more  critical  than  those  from  the  smaller  reser- 
voirs listed  in  Table  4.  A comprehensive  study  of  artificial  flood  waves 
that  could  be  produced  from  all  the  dams  rdthin  the  region  would  involve 
considerable  additional  engineering  da-faa  and  consume  much  more  time  than 
was  available  for  this  report.  Reference  is  nade  to  paragraph  2-10  and 
•fco  Exhibit  A for  description  of  the  dams  studied,  to  Plate  1 for  loca- 
tions, t Plates  8a  through  8d  for  sketches  uf  tho  structures,  and  -to 
Table  4 for  summary  of  dam  data, 

b,  H yd  ro lo  gj  c c ons id  eration  s . 

(1)  Reference  is  made  to  paragraph  4-03b  for  discussion 
of  the  influence  of  initial  stream  flow,  initial  reservoir  stage  and 
storage,  flood  wave  vol-ume  losses  upon  artificial  flood  effects  and  for 
discussion  3f  the  values  of  those  factors  assumed  for  puiposes  of  this 
study , 


c.  Means  of  creating  major  flood  waves, 

(1)  General.  Breaching  of  the  dams  considered  vrould 
produce  major  flood  waves  of  appreciable  magnitude  but  of  shv*rt  duration 
in  the  stream  valleys  dovm stream  of  the  breached  dams.  The  type,  shape 
and  size  of  breaches  assumed  for  each  structure  are  hypothetical  but  were 
selected  to  approximate  the  largest  feasible  effective  breach  openings 
believed  likely  to  be. produced  in  those  dams  by  bombing  or  by  placed 
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demolition  charges . In  this  connection,  it  should  be  noted  that  the 
influence  of  channel  characteristics  and  volume  of  released  water  upon 
flood  wave  nBgnitude  and  duration  becomes  progressively  more  critical 
than  the  shape  or  size  of  the  breach  as  the  flood  vrave  travels  farther 
doTOstream  from  the  breached  dam.  The  pature  and  size  of  assumed  breaches 
are  discussed  in  follovriLng  paragraphs.  For  purposes  of  identification  and 
classification,  the  essential  elements  of  the  breaches  are  designated  as 
follows: 


j lype  of 

Max, 

Top 

i Breach 

Shape 

Depth  (m) 

Width  (m) 

Dam 

A 

Parabolic 

68 

LUMIEI 

PIEVE  DI  CAlDORE 
S.  GIUSTINA 

B-1 

Circular 

(30  m diameter) 

LUMIEI 

B-2 

Circular 

(25  m diameter) 

S.  GIUSTINA 

C 

Eroded 

Parabolic 

■■  20 

64 

s;  VALEMTIEO 

•;  (2)  Type  A Breach. 

C 

I 

! (a)  The  bombing  of  the  MOHNE,  SORPE,  and  EDER  DAr/B 

in  Germany  by  the  Ri\F  in  ?'Iay  1943  (described  in  Ref.  85)  provided  the 

^ I basis  for  estimating  the  size  and  shape  of  this  type  of  breach.  Inasmuch  * 

! as  the  LUIVUEI,  PIEVE  DI  CADORE  and  S.  GIUSTINA  Dams  are  concrete  arch  dams, 

it  was  considered  that  openings  similar  to  that  produced  by  bombing  of  the 
EDER  Dam,  a stone  masonry  gravity  structure,  could  be  effected.  Reference 
is  made  to  Plates  8a^  8b  and  8c  for  sketches  of  the  dams  considered  in 
this  phase  of  the  study • 

< 

(b)  The  assum.ed  breach  approxinates  a parabolic  shape 
corresponding  closely  to  the  equation: 

= 51  y 

where  x = horizontal  distance  from  vertical  axis 
of  the  opening 

I 

y = vertical  distance  above  lowest  point 
of  opening, 

(c)  In  order  to  permit  aimparative  evaluation  of 
resulting  artificial  flood  waves,  it  was  further  assumed  in  all  cases 
that  the  lovirest  point  of  the  breach  openings  v/ould  be  23  m below  the 
initial  reservoir  water  surface  (similar  to  conditions  at  the  EDER  DAM 
breach) . Tlierefore,  the  top  Tddth  of  the  opening  at  the  reservoir  water 
surface  would  ,be  about  68  m and  the  initial  discharge  would  be  8500  m^/sec, 

I The  discharge  would  rapidly  drop  vdth  Icwering  of  the  pool  stage  as  the 

j water  stored  in  the  reservoir  rushed  out  through  the  breach, 
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(3)  Type  B-1  Breach.  Due  to  the  great  height  of  the 
LUMIEI  Datn  (120  m),  breaching  of  an  opening  near  the  bottom  of  the  dam 
would  result  in  a much  higher  initial  rate  of  discharge  than  could  be 
caused  by  a breach  in  the  top  of  the  dam.  Since  this  dam  is  a cantilever 
or  so-called  “cupola**  concrete  arch  dam  (as  illustrated  on  Plate  8a),  it 
was  considered  that  it  might  possibly  be  feasibls  to  puncture  a large 
hole  near  the  bottom  of  the  dam  by  proper  placement  of  domolition  charges 
Trithout  causing  complete  collapse  of  the  structure.  It  was  arbitrarily 
assumed  that  the  hole  would  approxiiiate  a circular  opening  •'Ad.th  a radius 
of  about  the  same  dimension  as  the- thickness  of  the  dam  at  the  point 

of  the  charge,  "For  the  LUMIEI  Dam,  the  centerline  of  the  circular  breach 
opening  was  assumed  at  elevation  920  ( 60  m belovT  the  initial  full  pool 
water  surface).  The  diameter  of  the  opening  was  assumed  as  30  m,  resul-t- 
ing  in  an  ini-faial  peak  discharge  of  14,600  m^/sec, 

(4)  Type  B-2  Breach,  This  is  similar  to  the  type  B— 1 
breach  described  in  the  preceding  subparagraph  except  that  the  diameter 
of  the  circular  breach  Y/as  considered  to  be  25  m,  and  the  centerline 
located  at  ele-vation  442.5,  about  87.5  m below  the  initial  full  pool  of 
S.  GIUSTINA  Dam  (R-28).  The  resulting  initial  peak  discharge  would  be 
12,400  m3/sec.  Reference  is  made  to  Plate  8d  for  sketches  of  the 

S.  GILBTII'IA  dam  structure. 

(5)  Type  C Breach ♦' 

(a)  Breaching  of  earth  dams  like  the  S.  VALEMTTNO 
Dam  (R-28)  involves  -various  special  factors  (see  Plate  8c  for  sketches 
of  this  dam).  It  is  probable  that  the  flow  of  water  throu^  a small 
breach  in  the  top  of  an  earth  dam  v/ould  erode  a progressively  deeper  and 
Ydder  opening  as  indicated  in  Reference  85.  The  exact  progression  of 
this  erosion  effect  is  not  readily  determinable. 

(b)  For  purposes  of  this  study,  it  v/as  assumed  that 
an  initial  5 m deep  parabolic  breach  in  the  top  of  S.  V/iLBMTDJO  Daiii  yjould 
be  enlarged  by  erosion  -fco  a 20  m deep  parabolic  breach  in  approximately 
4.5  hours.  The  final  assumed  broach  depth  corresponds  to  about  tiTO-thirds 
of  the  total  dam  height.  The  final  assumed  top  v/idth  of  the  breach  opm- 
ing  Y/ould  be  about  64  m and  a peak  discharge  of  2,600  m^/sec  ^Yould  be 
attained  about  4 hours  after  the  initial  breaching.  (The  discharge 
liy-drograph  from  S.  ViiLMTINO  Dam  is  shovai  as  Artificial  Flood  No,  8 on 
Plate  13c), 


d.  Effects  of  major  flood  waves, 

(1)  General,  The  effects  of  artificial  major  flood  waves 
on  the  TAGLIAl/fMTO,  PIAVE  and  ADIGE  Rivers  produced  by  breaching  of  the 
LUMIEI  (R-4),  PIEVE  DI  CADORE  (R-11),  S.  V/iLENTINO  (R-22),  and 
S.  GIUSTINA  (R-28)  Dams  are  summarized  in  Table  7.  Plates  13a  through  13c 
show  represen-fcative  discharge  hydrographs  at  Icey  locations  as  Yrell  as 
profiles  of  the  peak  discharge.  Due  to  the  scarcity  of  accurate  available 
data  regarding  the  details  of  levees  and  o-bher  features  of  the  flood-plains 
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along  these  streams,  broad  assumptions  as  to  extent  of  overbank  flooding 
had  to  be  made.  Breaching  or  overtopping  of  levees  and  changes  or  errors 
in  assumed  features  of  the  flood-plain  would  greatly  influence  the  magni- 
tude and  duration  of  artificial  flood  waves.  Consequently,  the  effects 
reviewed  in  this  study  should  be  considered  as  indicative  of  relative 
flooding  possibilities,  rather  than  accepted  as  being  precise  values, 
due  to  the  many  complex  indeterminable  factors  involved  in  the  problem. 

The  major  flood  vraves  are  designated  for  purpose  of  identification  as 
folloivs: 


Artificial 

River 

Serial 

Type  of  Breach 

Flood  No, 

Basin 

Dam 

No. 

(see  Par,  4^04c) 

5 

TAGLIAMENTO 

LMIEI 

R-4 

A (Parabolic) 

6 

do 

do 

do 

B-1  (Circular) 

7 

PIAVE 

PIEVE  DI  CABORE 

R-11 

A (Parabolic) 

8 

ADIGE 

S.  VALENTINO 

R-22 

C (Eroded  Parabolic ) 

9 

do 

S.  GTDSTENA 

R-28 

A (Parabolic) 

10 

do 

do 

do 

B-2‘  (Circular) 

(2)  Artificial  Flood  No.  5 involves  the  major  flood  wave 
on  the  TAGLIAMMTO  River  resulting  from  breaching  of  LIMIEI  Dam  (R-4)  v;ith 
a *Type  A”  parabolic  breach.  Reference  is  made  to  paragraph  4-04c(2) 
for  description  of  this  "Type  A"  breach  and  to  Plate  8a  for  sketches  of 
the  dam  structure.  The  initial  v/ater  surface  elevation  in  the  reservoir 
of  980.0  m above  msl  was  considered  to  be  23  ra  above  the  lowest  point  of 
the  breach  opening.  Approximately  32.7  million  irP  of  water  are  contained 
between  those  elevations.  The  initial  peak  discharge  of  8500  nr/sec  would 
drop  rapidly  to  less  than  1000  ra^/sec  in  2 hours  as  indicated  on  the  dam 
discharge  hydrograph  on  Plate  13a,  The  reservoir  stage  would  be  lowered 
to  the  lovT  point  of  the  breach  opening  in  about  9 hours.  An  important 
characteristic  of  these  sharp,  short-duration  breach  discharge  hydrographs 
is  the  great  reduction  of  peak  flow  effected  by  channel  turbulence  and 
friction.  As  may  be  seen  from  the  suranaiy  of  effects  in  Table  7 and  from 
the  peak  discharge  profile  of  Plate  13a,  the  peak  discharge  might  be  ex- 
pected trj  be  reduced  tr^  4085  it?/seo  at  PL/iN  DEL  SAC  (0-7),  located  9 km 
beloiPT  nPilEI  Dam,  This  corresponds  to  approximately  50  percent  reduction 
of  peak.  The  peak  discharge  at  P/iSSO  C/JiUSSIO  (C5-11)  88  km  below  the  dam 
would  be  only  1300  m^/sec,  representing  an  increase  in  discharge  of  ’ 

1180  nP/sec,  and  in  stage  of  3»0  ra  above  initial  base  floTF  conditions  at 
that  place.  The  duration  of  flooding  above  banks  v/ould  be  only  about 
one-ha Ifj/along  most  of  the  river  du/mstream  of  the  dam.  Reference  is  made 
to  the  artificial  flood  graphs  on  Plate  13a  and  to  the  summary  of  effects 
in  Table  7.  Representetive  critical  effects  at  key  locations  extracted 
from  Table  7 are  presented  in  the  follcfvang  tabulation: 


i/day 
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PEAK  VALUES  ^ -FLOOD  NO,  5 


Station 

Wo. 

Stream 
Depth 
m . 

Overflow 

Height 

m 

Width 

Flooded 

km 

Mean' 

Surf.  Vel. 
m/sec 

Duration 
above  bank 
days 

G-8 

•4.0 

2,5 

1.0 

1.6 

0.25 

G-10 

5*5  . 

0.5 

0.4 

1.9 

0.5 

G-11 

5*0 

1,5 

1,5 

1,7 

0.5 

(3)  Artificial  Flood  No»  6»  This  represents  the  major 
flood  v/ave  on  the  TAGLIAIvffiNTO  River  created  by  breaching  a •lype  B-l“ 
circular  opening  in  the  louver  part  qf  ibMIEI  Dam  (R-4) . Plate  8a  shoTO 
sketches  of  the  daiTi  and  paragraph  4-04c(3)  includes  a description  of 
this  breach.  As  may  be  seen  by  the  summary  of  effects  in  Table  7 and  the 
artificial  flood  graphs  of  Plate  8a,  the  magnitude  and  duration  vif  the 
results  would  be  appreciably  larger  than  for  the  "Type  A"  parabolic  breach 
of  the  top  of  the  dam  desigiated  as  Flood  Wo.  5 and  discussed  in  the  pre- 
ceding paragraph  4-04d(2)._  This  is  largely  due  to  the  hi^er  initial 
peak  discharge,  and  the  larger  volume  of  viator  discharged  through  the 
lovrer-located  breach  opening  of  Flood  No.  6 (69.4  million  itr  contrasted 
to  32.7  million  m^  for  Flood  No,  5)«  The  initial  peak  discharge  of 
1^, 600  m^/sec  of  Flood  No.  6 would  drop  to  less  than  1000  m^/sec  in  about 

2.5  hours.  The  reservoir  stage  vrould  be  lovrered  to  the  elevation  of  the 
bottom  of  the  breach  opening  in  about  7 hours.  The  peak  discharge  vrould 
be  drastically  reduced  as  the  wave  traveled  doi'm stream,  being  10,105'm^/sec 
at  0-7,  9 km  below  the  dam,  and  3630  m^/sec  at  PASSO  CANUSSIO  (^11), 

88  km  below  the  dam.  This  corresponds  to  an  increase  of  3510  m^/sec  in 
discharge  or  2.0  m increase  in  stage  above  assumed  base  flow  conditions 
at  the  latter  location,  compared  b')  equivalent  values  of  1180  m-^/sec  and 

1.5  m for  Fiord  No,  5.  The'  sumnBry  in  Table  7 and  the  flood  graphs  of 
Plate  l3a  illustrate  the  effects  of  artificial  flood  waves  along  the 
TAGLIAjfflNTO  River  beloAv  LUTillEI  Dam,  A significant  feature  is  the  short 
duration  of  overbank  flooding,  i.e.  less  than  one-half  day.  Extracts 
from  Table  7 of  critical  effects  of  Flood  No,  6 at  key  locations  follow: 

• PEAK  VALUES  - FLOOD  NO.  6 


Station 

No. 

Stream 

Depth 

m 

Overflow 

Height 

m 

■Ffidth 

Flooded 

km 

Mean 

Surf.  Vel. 
m/sec 

Duration 
above  bank 
days 

G-8 

6.0 

4.5 

1,5 

2.3 

0.25 

G-10 

7.5 

2.5 

0.7 

2,8 

0.5 

G-11 

5,5 

2.0  . 

2.5 

1.8 

0.5 
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(4)  Artificial  Flood  No,  7 concerns  the  PIAVB  River, 

It  is  the  flood  wave  produced  by  breaching  a *l^pe  A"  parabolic  opening 
in  the  top  of  the  PIEVE  DI  GADORE  Dam  (R-ll)  under  full  pool  conditions. 
See  Plate  Sb  for  sketches  of  the  dam  and  paragraph  4^04c(2)  for  descrip- 
tion of  the  assumed  breach.  The  initial  peak  discharge  of  8500  m^/sec 
M3uld  drop  sharply  to  less  than  1000  m^/sec  in  about  3 hours  and  slowly 
drop  to  zero  flow  within  4 days  as  the  remainder  of  the  43.6  million  m^ 
of  Y/ater  contained  in  the  reservoir  above  the  elevation  of  the  breach 
would  be  discharged  through  the  breach  opening.  During  passage  of  the 
flood  wave  dovjnstream,  the  peak  discharge  would  be  considerably  reduced, 
i.e.  to  3580  m^/sec  near  PERAROLO,  5 l<m  belov/  the  dam,  and  to  1050  m^/sec 
at  PONTE  DI  PIAVE  (G-21),  135  km  doYmstreau  from  the  dam.  The  peak  dis- 
charge at  the  latter  station  (G-21),  represents  an  increase  of  only 
930  m^/sec  above  the  initial  base  flov;.  This  is  but  11  percent  of  the 
original  peak  discharge  at  the  dam.  On  Plate  13b  are  shuvm  the  artificial 
flood  graphs  illustrating  the  reduction  in  peak  discharge  and  the  change 
in  shape  of  the  flood  wave,  Effects  arc  summarized  in  Table  7.  As 
noted  in  paragraph  4-06h  of  Exhibit  A,  facilities  exist  near  the  SOVERZENE 
ITeir  (R-14)  for  diversion  of  water  for  power  purposes  to  the  MESCHIQ  River, 
a tributary  of  the  LIVENZA  River.  However,  insufficient  data  were  avail- 
able to  penmit  analysis  of  the  effects  of  diversion  of  the  artificial 
flood  ?ravG  to  the  LIVENZA  River.  Breaching  of  levees  in  the  lower  reaches 
of  the  PI/IVE  River  would  disperse  the  floYv  over  a vdde  area.  This  is 
especially  significant  in  the  lower  reaches  below  the  gaging  station  G-21, 
v;here  the  raised  banks  of  the  river  lie  as  much  as  6 ra  above  the  level  of 
the  plain.  Detailed  field  reconnaissance  vfould  be  required  to  evaluate 
this  possibility.  Critical  effects  at  selected  key  stations  are  presented 
in  the  follovdlng  tabulation  to  illustrate  the  features  of  this  artificial 
flood  wave: 

PE/lK  VALUES  - FLOOD  MO.  7 


Stream 

OverfloY/ 

Width 

Mean 

Duration 

Station 

Depth 

Height 

Flooded 

Surf.  Vel. 

above  bank 

No. 

m 

m 

km 

ra/sec 

days 

belhtno 

9.5 

6.5 

0.4 

1.8 

1.0 

G-20 

3.0 

1,0 

0.9 

1.2 

1.0 

G-21 

4-  • O'!'' 

1.5^>^ 

1,^^ 

0.8 

1.0 

■Jf-Assuming  major  levees  intact  and  not  overtopped. 

(5)  Artificial  Flood  No.  8 covers  the  major  flocxi  vrave 
produced  on  the  /iDIGE  River  by  breaching  S.  VALENTINO  Dam  (R-22).  The 
assumed  breach  in  the  top  of  this  earth  dam  is  the  "T'ype  0"  eroded  para- 
bolic breach  described  in  paragraph  4-04c(5).  Plate  8c  contains  sketches 
of  this  dam.  Progressive  erosion  of  the  opening  Yf.iuld  result  in  a peak 
discharge  of  2600  m^/sec  that  ?wuld  occur  about  4 hours  after  the  initial 
breaching  as  shoT/n  by  the  breach  discharge  hydro  graph  on  Plate  13c. 
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Approxiimtely  84  million  m^  of  the  total  110  million  m^  total  storage 
capacity  of  the  reservoir  would  be  discharged  through  the  breach  opening 
in  nearly  4 days.  The  resulting  flood  wave  becomes  quite  flat-crested 
as  the  wave  travels  do^mstream,  as  evidenced  by  the  discharge  hydrographs 
shovm  on  Plate  13c.  At  the  junction  of  the  NOCE  and  ADIGE  Rivers,  132  km 
below  S.  VALENTINO  Dam,  the  peak  discharge  would  be  960  m^/sec,  represent- 
ing an  increase  of  740  m^/sec  above  initial  base  flw.  At  ALBEREDO  D’ADIGE 
(G-34),  located  in  the  coastal  plain  region  285  km  doTjnstream  from  the  dam, 
the  resulting  peak  discharge  of  710  m^/sec  represents  an  increase  above 
base  f lovT  condition  of  460  m^/sec  discharge  or  1,0  m increase  of  river 
stage.  Reference  is  made  to  the  artificial  flood  graphs  on  Plate  13c  and 
to  the  summary  of  effects  in  Table  7 for  data  on  the  magnitude  and 
duration  of  the  flotd  wave.  A tabulation  of  critical  effects  at  selected 
key  stati'jns  follOTS  to  illustrate  representative  effects: 


PEAK  VALUES  - FLOOD  NO.  8 


Stream  Overflow 

Width 

Mean 

Duration 

Station 

Depth 

Hei  ght 

Flooded 

Surf,  Vel, 

above  bank 

No. 

m 

m 

km 

m/sec 

days 

G-28 

8.5 

1.5  ■ 

1.3 

1.2 

1.5 

G-31 

5.5 

1,5  . 

0.5 

1.0 

1.5 

G-33 

4.0 

Bankfull 

0.3 

1.4 

0 

G-34 

3.5 

0.5 

1.2 

0.7 

1.5 

'(6) 

Artif i cial 

Flood  No. 

_9  v/cmld  result  from  a ' 

parabolic  breach  in  the  top  of  S.  GIIBTINA  Dam  (R-28).  (See  paragraph 
4-04c(2)  for  description  of  the  breach  and  Plate  8d  for  sketches  of  the 
dam) . The  nature  of  the  resulting  flood  wave  .n  the  ADIGE  River  is  illus- 
trated by  the  artificial  flo'od  graiohs  of  P^te  13cj  its  effects  are  sum- 


discharged  from 


marized  in  Table  7.  A peak  flow  of  8500  m^/sec  vrould  b^ 
the  breach,  dropping  rather  sharply  to  less  than  1000  m-^/sec  in  5 hours. 
Discharge  through  the  breach  ytouH  then  drop  more  slovrly,  as  the  reser- 
voir water  surface  receded  to' the  elevation  of  the  low  point  of  the 
breabh  opening.  This  would  take  about  8 days.  Approximately  74  million 
m^  of  the  182,2  million  m^  total  roseiwoir  storage  Tfould  pass  through 
the  breach.  At  the  junction  of  the  NOCE  and  ADIGE  Rivers,  27  km  below 
S.  GIUSTINA  Dam,  the  peak  discharge  would  be  5350  m^/sec  above  the  initial 
base  flow  of  200  m^/sec  at  that  location.  Further  doTOstream.  at  ALBEREDO 
D’iiDIGE  (G-34),  located  on  the  ADIGE  River  180  km  downstream  from  the 
dam,  the  peak  flow  would  be  I500  m^/sec.  This  is  1250  m^/sec  above  base 
flow  and  corresponds  to  an  increase  in  stage  of  1,5  m,  assuming  that  the 
levees  are  intact  and  not  overtopped  by  the  flood  wave.  Reference  is  made 
to  the  artificial  flood  graphs  of  Plate  13c  and  to  the  summarized  effects 
listed  in  Table  7 for  additional  data  on  the  hature  of  the  flood  ifra.ve. 
Representative  critical  effects  at  selected  key  locations  appear  in  the 
following  tabulation: 
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PEAK  VALUES  - FLOOD  NO.  9 


Stream 

Overflow 

Width 

Mean 

Duration 

Station 

Depth 

Height 

Flooded 

Surf.  Vel, 

above  banks 

No, 

m 

m 

l<m 

m/sec 

days 

G-31 

8.5 

4.5 

0.8 

1,2 

1.0 

G-33 

5.5 

1.5 

0,4 

1.5 

1.0 

■ G-34 

4.0* 

1.0-«- 

2.0^^ 

0.8 

1.0 

■JfAssuraing  major  levees  intact  and  not  overtopped, 

(7)  Artificial  Flo-xi  No,  10  likeivlse  represents  a flood 
wave  on  the  ADIGE  River  produced  by  breaching  of  S.  GIIBTINA  Dam  (R-28), 

In  this  case,  a "Type  B-2*  circular  breach  in  the  lower  part  "f  the  dam 
is  involved,  as  described  in  paragraph  4-04c(4)»  The  initial  peak  dis- 
charge of  12,400  m^/sec  may  be  compared  with  a peak  of  85OO  m^/sec  result- 
ing from  a “Type  A"  parabolic  breach  cf  the  top  of  this  dam  as  involved 
in  Flood  No.  9 and  described' in  the  preceding  sub-paragraph.  The  vr)lume 
of  water  discharged  through  the  “Type  B-2*  breach  of  Flood  No . 10  is 
also  much  larger  than  thr  ^ugh  the  "Type  A"  breach  of  Floi.'d  No . 9,  being 
about  180  million  m^in  9 hours  of  the  total  182,2  million  m^  capacity  of 
the  reservoir  conpared  to  the  74  million  m^  in  8 days  involved  in  Flood 
No.  9,  These  factors  are  the  primary  reason  for’ the  *block-like"  shape 
of  the  Flood  No.-  10  discharge  hydrograph  shovm  on  Plate  13d,  as  contrasted 
to  the  "triangular"  shape  of  the  Flood.  No.  9 hydrograph.  As  the  v/ave 
travels  dovmstream,  the  peak  discharge. of  Flood  No,  10  would  be  lowered 
to  8520  m^/seOj  an  increase  of  8320  m^/sec  above  base  flovT  at  the  junction 
of  the  NOCE  and  ADIGE  Rivers,  27  km  below  the  S.  GIUSTINA  Dam.  Channel 
and  flood-plain  storage  and  frictional  forces  would  reduce  the  peak  dis- 
charge^at  AIBEREDO  D'./iDIGE  to  3I6O  m^/sec,  an  increase  in  discharge  of 
2910  nr /see  above  base  flow  at  that  location.  This  would  correspond  to 
raising  the  stage  2.0  m above  the  assumed  base  flow  conditions,  consider- 
ing that  majr)r  levees  T^-ere  in ’tact  and  n"t  overtopped  by  the  flood  wave. 
Dispersion  of  flo\‘;  through  the  levee  openings  or  into  irrif^tion  and 
drainage  channels  Y/ould  considerably  reduce  the  magnitude  of  the  wave 
and' its  attendant  flooding  effects.  The  appreciable  magnitude  of  this 
flood  wave  contrasted  v/ith  Flood  No.  9,  as  illustrated  by  the  Plate  13c 
flood  graphs,  emphasizes  the  important  influence  of  greater  -vDlume  of 
flow  upon  the  flood  ivaves . The  relatively  shorter  duration  of  flooding 
reflects  the  faster  discharge  rate  of  the  Flowd  No,  10  breach.  Effects 
are  summarized  in  Table  7,  and  extracted  critical  values  at  key  locations 
are  shrwm  in  the  follovang  tabulation: 
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PEAK  VALUES  - n.OOD  NO.  10 


Station 

No. 

Stream 

Depth 

ra 

Overflow 

Height 

m 

ViTidth 

Floqded 

km 

Mean 

Surf,  Vel, 
m/sec 

Duration 
above  banks 
days 

G-31 

10.0 

6.0 

1.0 

1.3 

0.5 

G-33 

8,0 

4.0 

0*6 

1.7 

1.0 

G-34 

4, 5^*' 

1.5* 

2,5* 

0,9 

1.5 

•j'f-Assuming  tnajor  levees  intact  and  not  overtopped 
4-05  ARTIFICI/iL  FLOODBTG  POTMTI/.LITIES  OF  C/J^IAIS  AND  LAICES 

a.  Canals . Broaching  of  levees  and  manipulation  or  destruc- 
tion of  control  gates  and  pumps  along  the  extensive  irrigation  and  drain- 
age canal  ^sterns  of  the  region,  described  in  paragraphs  2-08  and  2-12 
and  in  Reference  4,  could  create  "drainage  obstacles*  of  considerable 
extent.  Reference  is  made  to  the  map  sb'vdng  irrigated  and  drainage  areas 
of  the  region  presented  as  Plate  9*  Insufficient  data  vrere  available  to 
permit  a detailed  quantitative  evaluation  of  these  possibilities  for 
artificial  inundation.  However,  such  operations  com.bined  vdth  diversion 
of  Yrater  from  the  headwater  power  reservoirs  of  the  region,  listed  in 
Table  4 and  indicated  on  Plate  1,  and  vath  temporary  damming  operations 
for  stillTOter  barriers  could  probably  permit  vra.ter  to  be  dispersed 
through  the  irrigation  and  drainage  canals  to  create  shallow  inundation 
over  much  of  the  irrigated  and  reclaimed  land  shown  on  Plate  9«  Refer- 
ence is  made  to  paragraph  4-02  and  to  Reference  9 for  additional  discus- 
sion of  these  artificial  flooding  potentialities. 

b . Lakes . Insufficient  data  vrere  available  to  permit  study 
of  the  possibilities  of  vdthdrayial  of  the  immense  volume  of  water  stored 
in  LTs-ICE  GARDA  and  other  lakes  mentioned  in  paragraph.-:  2-13,  to  increase 
artificial  flooding  along  the  ADIGE  and  other  rivers  of  the  region.  It 
is  considered  that  such  operations  would  be  impracticable  except  by  means 
of  a tremendous  outlay  of  effort  and  time  in  view  of  the  topographic 
features  of  the  region. 

4-06  SUMMARY 

a.  General.  The  hydraulic  features  associated  vdth  artificial 
flooding  of  the  streams  of  the  region  covered  by  thi.s  report  described  in 
preceding  paragraphs  4-01  through  4-05  are  herein  summarized.  Reference 
should  be  made  ti  Section  V of  this  rep>irt  for  discussion  of  associated 
influence  upon  military  operations. 
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(1)  Still-water  barriers  and  drainage  obstacles*  By 
erection  of  taaporary  dams  at  bridge  opcsnings  or  at  other  constricted 
stream  sections,  still-water  barriers  can  be  created,  Fonmtion  of  a 
continuous  effective  water  obstacle  by  this  means  is  practicable  only 
along  the  ADIGE  River.  .Due  ibo  the  nature  of  the  terrain,  still-water 
barriers,  would  tend  to  be  of  short  length  along  the  stream  but  vtouH 
spread  out  transversely  over  the  adjacent  land.  Breaching  of  levees 
would  extend  the  resulting  flooded  area  in  some  cases.  In  others, 
levee  breaching,  would  result. in  dispersion  of  water  to  other  streams  or 
channels  and  thus  reduce  the-  effectiveness  of  the  still-water  barrier. 

In  the  coastal  delta  regions,  breaching  of  dikes  v;ould  cause  water  from 
the  streams  to  inundate  considerable  areas.  Reference  is  made  to  the 
study  listed  as  Reference  9 for  valuable  detailed  discussion  of  this 
possibiliiy , Disruption  of  drainage  and  irrigation  facilities  v/ould 
create  drainage  obstacles  by  causing  shallow  inundation  in  the  reclaimed 
regions  shcwni  on  Plate  9*  The  highly  permeable  nature  of  the  stream  bed 
and  banks,  especially  in  the  regions  lying  at  the  foot  of  the  mountains, 
might  make  it  difficult  to- retain  water  behind  tanporary  dams.  Water 
released  frtTm  the  storage  reservoirs  could  supplement  natural  flov/  to 
fill  the  still-v/ater  barriers.  Reference  is  made  to  Plate  11  and  Table  5 
for  locations  and  extent,  and  to  paragraph  4-02  for  discussion  of  effects 
of  still-water  barriers  at  specific  sites.  Subsequent  paragraphs  contain 
suiTimarj'’  of  results  t-o  be  expected  in  specific  river  basins. 

(2)  Destruction  of  Tanporary  Dams,  Donolition  or  failure 
of  the  tanporary  dams  used  for  still-water  barriers  discussed  in  para- 
graphs 4^02  and  4-06a(l)  v/ould  produce  flood  vraves  of  short  duration  and 
magnitude.  Significant  effects  ■would  not  be  produced  except  in  the 
reaches  located  vathin  several  kilometers  belcwT  the  destroyed  barrier . 
Failure  of  such  tanporary  dam.s  might  be  caused  by  flow  overtopping  the 
structure.  Therefore,  adequate  relief  spillways  or  outlets  should  be 
provided , 

(3)  Stream  Flow  Variations . Sudden  opening  of  the  gated 
outlets  and  spillways  of  the  large  power  reservoirs  in  tlie  region  would 
create  detrimental  flow  variations  along  the  rivers  dovnstream  of  the 
dams.  Magnitude  and  diiration  would  depend  upon  volume  of  iivater  released 
from  the  reservoir,  rate  and  duration  ■■'f  discharge  through  the  outlets, 
location  of  dam  along  the  stream,  hydraulic  stream  characteristics, 
height  and  nature  of  banks,  flood-plain  and  levees,  etc.  Reference  is 
HBde  to  Plate  1 for  locations  of  dams,  to  Table  4 for  summary  of  dam  data 
and  to  paragraph  2-10  and  to  Exhibit  A fr>r  description  of  the  exis’ting 
and  proposed  hydzn electric  poirer  developments.  Release  of  v/ater  from 

the  larger  reservoirs  affords  the  greatest  potential  effects.  Significant 
results  mi^it  be  attained  by  proper  synchronized  combination  of  releases 
from  several  reservoirs.  However,  insufficient  data  and  time  v/ere  avail- 
able to  peirn't  such  studies.  Reference  is  made  to  paragraph  4-03  for 
detailed  discussion  (;f  the  effects  of  flm  variations  from  four  of  the 
largest  reservoirs  in  the  area  to  illustrate  the  relative  potentialities. 
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Effects  are  summarized  in  later  paragraphs  for  specific  river  basins. 

(4)  Major  Flood  Yifaves.  Breaching  of  the  dam  structures 
of  the  many  hydroelectric  power  projects  located  m the  mountain  and 
'“high  terrace”  zones  of  the  region  would  create  major  flood  vraves  of 
appreciable  magnitude  but  short  duration.  The  height  as  vrell  as  the 
leagth  of  a flood  wave  depends  largely  upon  the  volume  of  water  released 
through  the  breach  opening.  Therefvire,  in  general  it  might  be  stated 
that  breaching  of  dams  having  large  reservoir  storage  capacity  v/ould  be 
most  productive.  Also^  breaches  or  holes  in  the  structure  extending 
closer  to  the  bottom  of  a dam-would  release  a greater  portion  of  the 
reservoir  storage  and  consequently  pruduce  more  significant  results  than 
shallower  breaches  near  the  top  of  a dam.  Reference  is  made  to  Plate  1 
for  dam  locations,  to  Table  4 for  suranary  of  dam  data,  to  Plates  8a 
throu£ii  8d  for  sketches  of  typical  dams,  and  to  paragraph  2-10  and  Exliibit  /. 
for  description  of 'existing  and  proposed  hydroelectric  power  dams  and 
projects.  Due  to  limitations  imposed  by  data  available  and  time  allotted 
for  this  study,  detailed  analysis  v/as  made  of  the  effect  of  breaching  of 
dams  of  the  largest  reservoirs  in  each  major  stream  basin.  Breaching  of 
those  dams  probably  would  produce  most  significant  results  and  are  represen- 
tative of  maximum  expected  effects.  In  order  to  produce  significant  flood 
waves  by  breaching  of  the  dams  of  the  other  smaller  reservoirs,  coordinated 
breaching  of  several  dams  would  be  advisable.  Discussion  of  the  effects 

of  major  flood  waves  produced  by  breaching .vf  the  four  large  dams  selected 
for  detailed  analysis  is  contained  in  paragraph  4-04.  The  flooding  poten- 
tialities of  major  artificial  flo"d  waves  for  individual  streams  are 
summarized  in  subsequent  paragraphs, 

(5)  Canals , Breaching  of  dikes  and  manipulation  of  control 
gates  and  pumps  along  the  extensive  irrigation  and  drainage  canal  system 
could  cause  shallovr  inundation  of  surrounding  terrain.  Possible  ultimate 
extent- could  spread  over  the  areas  shvAn  on  Plate  9 if  sufficient  water 
Tfere  available  during  the  rainy  season  or  as  supplied  from  the  hydro- 
electric reservoirs.  Reference  is  imde  to  paragraphs  4-02  and  4-05a  and  to 
References  4 and  9 for  additional  discussion. 

(6)  Coastal  Delta  Region,  Deliberate  inundation  of  the 
regions  in  the  vicinity  of  the  coastal  deltas  of  the  rivers  in  this  area 
would  be  possible.  The  stream,  embanicacn ts  in  that  region  lie  close  to 
the  river  and  river  stages  exceed  the  elevation  of  surrounding  land  during 
high  water  periods.  Breaching  of  those  dikes  corabined^with  natural  high 
water  conditions  .or  artificial  flow  variations  or  flood  v/aves  from  the 
hydroelectric  reservoirs  would  induce  shallow  flooding  of  considerable  > 
extent  near  the  mouths  of  the  streams  along  the  ADRIATIC  SE/..  Reference 
is  nB.de  to  paragraphs  4-02  and  4-06a(l)  and  to  References  4 and  9 for 
additional  discussion. 
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(7)  Variation  in  base  f lov/  conditions . The  effects  of 
artificial  flood  vraves  or  flovY  variations  depend  largely  upon  the  base 
flow  (i.e.  the  flow  in  the  stream  before  arrival  of  the  flood).  The 
studies  presented  in  this  report  vfere  based  upon  an  assumed  base  flow 
approximating  mean  water  conditions.  The  following  tabulation  illus- 
trates the  method  that  could  be  employed  to  estinBte  the  comparative 
effects  produced  by  base  flovT  conditions  other  than  those  used  in  this 
report. 


FLOOD  NO,  1 - TAGLIAMMTO  RIVER  AT  PASSO  CAMJS5I0  (G-ll) 


Item 

Unit 

Conditions 

Conditions 

Source 

(1) 

Base  floViT 

m^/sec 

120 

400 

Given 

(2) 

Discharge  increase 

a 

450 

450 

Table  6 

(3) 

Crest  discharge 

«r 

570 

850 

(2)  plus  (3) 

(4) 

Initial  gage  height 

‘-m 

2.0 

3.5 

Plate  7a  for  (1) 

(5) 

Crest  gage  hei^t 

« 

4.0 

4.5 

Plate  7a  for  (3) 

(6) 

Stage  increase 

m 

2.0 

1.0 

(5)  minus  (4) 

(7) 

Initial  mean  surface 
velocity 

m/sec 

0.7 

1.4 

Plate  7a  for  (4) 

(8) 

Crest  mean  surface 
velocity 

H 

1.5  ■ 

1.6 

Plate  7a  for  (5) 

(9) 

Velocity  increase 

It 

0.8 

0.2 

(8)  minus  (7) 

b.  IS0N2P  River. 


(1)  Still-virater  barriers  and  drainage  obstacles.  Temporaiy 
damtiing  of  the  stream  at  bridges  or  other  constricted  sections,  like  Site 
No.  1 shov/n  on  Plate  11  and  in  Table  5,  would  create  short  still-water 
barriers  of  about  0,5  km  length  and  0,75  Ion  width  and  averaging  about  1 m 
deep.  Associated  breaching  of  levees  would  be  necessary.  Drainage 
obstacles  could.be  created  by  disruption  of  irrigation  and  drainage 
facilities  in  the  reclaimed  area  on  the  left  bank  below  GRADISCA,  shown 

on  Plate  9»  Reference  is  made  to  paragraph  4-02d(2)  for  more  detailed 
discussion . 

(2)  Stream  flow  variations.  Releases  of  v/ater  from  the 
outlets  of  the  three  small  reservoirs  designated  as  R-1,  R-2.  and  R-3  'on- 
Plate  1 and  in  Table  4 v;ould  probably  not  produce  significant  flooding 
(unless  comicined  vdth  the  creation  of  still-water  barriers  and  levee 
breaching  operations)  due  to  the  small  volume  of  vrater  that  could  be 
released.  Detailed  study  and  additional  data  v/ould  be  required  to  verify 
this  estiirate. 
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(3)  Ma.jor  flood  waves « The  small  storage  capacity  of  the 
three  dams  in  the  basin  (see  R-1,  R-2-  .and  R-3  on  Plate  1 and  in  Table  4)  j 
lirtiit  the  artificial  flooding  potentialities.  Breaching  of  the  dams  would 
produce  short  flood  waves.  -Significant  increases  in  stream  velocity  and 
in,  depth  and  mdth  of  f].ooding  would  probably  be  confined  to  the  upper 
reaches  close  to  the  breached  dams. 


c.  TAGLIAMENTO  River. 

(1)  Still-water  barriers  and  drainage  obstacles.  Breach- 
ing of  levees  along  the  delta  sections  of  the  lovrer  40  km  could  inundate 
areas  up  to  6 km  on  each  side  during  moderate  to  high  stages,  Hovrever, 
suitable  sites  for  tanporary  dams  are  lacking  in  those  reaches.  Erection 
of  temporary  dams  dn  the  reach  from  40  to  90  km  above  the  mouth  would 
flood  the  one-kilometer  vri.de  braided  stream  bed  to  an  average  1 m d?^th 
for  a distance  of  about  l.-lcm  upstream,  similar  to  the  results  at  Site 
No.  3 shown  in  Table  5 and  on  Plate  11.  Breaching  of  levees  \frould  in- 
crease the  inundated  area.  Some  flooding  may  be  induced  in  the  reclaimed 
areas  on  the  left  bank  shovm  on  Plate  9 by  manipulation  of  the  irrigation 
and  drainage  facilities. of  that  section.  Paragraph  4-02d(3)  contains 
addi ti onal  dis  cus  si on . 


(2)  Stream  flow  variations.  Some  flooding  to  cover  the 
mud  and  samd  flats  in.  the  vride  braided  stream  bed  of  this  river  could  be 
produced  by  regulated  releases  from  the  lUMIEI  Dam,  located  on  a headvra.ter 
tributary  of  the  TAGLL'1®JT0  River.  Reference  is  made  to  paragraph 
4-03d(2)  for  detailed  discussion  ff  this  possibility,  to  Plate  13a  for 
resulting  artificial  flood  hydro  graphs  and  t-.;  Table  6 for  summary  of 
effects  of  this  flovr  variation  designated  therein  as  Artificial  Flood  No,  1, 
Refilling  . f the  reservoir  v«3uld  require  considerable  time  except  during' 
periods  of  intense  runoff  as  indicated  in  paragraph  4-03b(3).  Therefore, 
cyclic  effects  could  be  produced  only  by  limiting  the  duration  of  releases 
so  as  not  'bo  deplete  the  reservoir  storage.  Representative  effects  of 
Artificial  Flood  No.  1,'  produced  by  sustained  releases  from  the  outlets 
of  LUMIEI  Dam,  are  presented  in  the  follovri.ng  tabulation: 


Item 


/implitude  of  rise 
Plate  of  rise 
Time  of  crest 
Overflow  height 
Tfidth  flooded 
Mean  surface  vel,. 
at  crest 


Unit 

PONTE  DI  PINZ/iNA 
G-10  (Mn  89) 

PASSO  C/iNl 
G-n 

m 

1.5 

2.0 

ra/hr 

0,1 

0.1 

hr 

24 

34 

m 

Bankfull 

0.5 

km 

0.2 

0.4 

m/sec 

1,2 

1.5 
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(3)  Ma.jor  flood  -waves.  Although  at  present  only  one  major 
dam  is  located  vdthin  this  basin  (i.e.  the  LIMIEI  Dam,  R-4),  its  great 
height  and  large  reservoir  storage  capacity  affords  excellent  oi^portunity 
for  creation  of  significant  flood  -waves  by  breaching  of  that  structure.  ' 
Reference  is  made  to  paragraph  4-04d(2)  and  (3)  for  detailed  discussions, 
to  Plate  13a  for  artificial  flood  graphs  and  to  Table  7 for  summarized 
effects  of  Artificial  Floods  Nos,  5 and  6,  produced  by  breaching  of  that 
dam.  I'/hile  the  duration  -ivould  be  short,  the  velocity  of  flov/  and  the 
rate  of  change  of  stage  would  be  appreciable.  During  passage  of  the 
flood  peak,  fairly  vri.de  areas  could  be  flooded  along  the  lovrer  reaches 
of  the  river.  The  follo-vd-ng  tabulation  shows  representative  effects  of  . 
these  flood  waves  (Artificial  Floods  Nos.  5 and  6)  produced  by  breaching 
WmiSL  Dam: 


Item 

Unit 

PONTE  DI  PINZAiNO 
0-10  (Km  89) 
Flood  5 Flood  6 

PASSO  CANTJSSIO 
G-11  (Kn  45) 
Flood  5 Flood  6 

Amplitude  of  rise 

m 

3,5 

5.5 

3.0 

3.5 

Rate  of  rise 

m/hr 

1.8 

1.8 

1.0 

0.7 

Ti-ne  of  crest 

hr 

5 

6 

10 

12 

Overflovr  height 

m 

0,5 

2.5 

1.5 

2.0 

Width  flooded 

km 

0.4 

0.7 

1.5 

2.5 

Mean  surface  vel. 

m/sec 

1.9 

2.8 

1.7 

1.8 

at  crest 


d.  LIVENZA  River. 

(1)  Still-water  barriers  and  drainage  obstacles . Inter- 

ference vri.th  drainage  facilities  and  breaching  of  levees  could  cause 
shallow  inundation  of  considerable  extent  in  the  reclaimed  land  shovm  on 
Plate  9 located  nn  the  left  bank  along  the  lower  34  l<m.  Still-water 
barriers  averaging  about  1 Ion  long  by  1 l<ra  wide  and  0,75  m deep  raii^t  be 
created  in  the  river  valley  by  combination  of  levee  breacliing  and  temporary 
damming  operations  in  the  vicinity  of  Site  No,  5 45)  as  indicated  in 

Thble  5 and  on  Plate  11.  Reference  is  made  to  paragraph  4-02d(4)  for 
more  detailed  discussion, 

(2)  Stream-f Ifflv  variations . Releases  of  water  from  the 
outlets  of  the  -three  dams  located  on  the  RAI-MESCHIO  tribu-tary  of  the 
LIVENZA  River  and  designated  as  R-6,  R-7  and  R-8  on  Plate  1 and  in  Table  4 
would  probably  produce  shallovf  flooding  of  the  vri.de  braided  stream  bed 
along  the  lovrer  reaches.  In  addition,  tha-e  arc  existing  facilities 
pemitting  diversion  of  flovr  from  the  upper  PIAVE  River  into  the  LIVENZA 
vratershed  near  SOVERZME  (R-14).  Insufficient  data  were  available  -to 
verify  these  inclusions . 
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(3)  Ma.ior  flood  vraves.  Breaching  of  the  LAGO  S,  CROCE 
earth  dam  (R~6)j  which  has  a 120  million  m^  reservoir,  coupled  Ydth  des- 
truction or  breaching  of  the  tv/o  smaller  downstream  dams  (designated  as 
R— 7 and  Rr-8  on  Plates  1 and  3c  and  in  Table  4)  TOuld  probably  produce 
major  flood  vraves  of  considerable  effectiveness  on  the  LIVEIEA  River, 
However,  insufficiency  of  available  data  precluded  quantitative  analysis 
in  this  report. 

e,  PIAVE  River. 

(1)  Still-water  barriers  and  drainage  obstacles.  Inunda- 
tion of  the  extensive  irrigated  and  reclaimed  areas  on  both  sides  of 
the  PIAVE  River  shovm  on  Plate  9 might  be  effected  by  manipulation  of 
drainage  and  irrigation  facilities,  ' Breaching  of  levees  could  be  quite 
effective  as  the  river  lies  higher  than  the  surrounding  land  along  the 
lower  reaches.  Still-water  barriers  in  the  reach  betereen  Site  No,  6 

23)  and  Site  Mo.  8 (Kn  60),  shovn  on  Plate  11  and  listed  in  Table  5, 
could  flood  the  one-kilometer  area  between  the  embankments  to  average 
depths  rif  less  thanl.5  m aiid  lengths  of  about  1 1-cm.  Breaching  of  levees 
would  tend  to  disperse  the  flooding  transversely,  as  discussed  in  para- 
graph 4-02d(5), 


(2)  Stream  f lov7  variations . The  headwaters  of  this  river 
contain  a number  of  reservoirs  designated  as  Rr-9  to  R-16,  inclusive,  on 
Plate  1 and  Table  4.  Releases  from  the  outlets  of  these  dams  could  be 
e:5qpected  to  produce  flooding  of  the  0.5-2  kilometer  vdde  flat  alluvial 
meander  zone  along  the  lov;er  reaches  of  the  PIAVE  River,  Associated 
breaching  of  embankments  and  levees  in  the  coastal  zone  could  inundate 
the  surrounding  area  vtiich  generally  lies  at  a lovrer  elevation  than  the 
stream  bed.  As  noted  in  paragraph  A-06h  of  E^diibit  A,  flov/  can  be  diverted 
into  the  LIVETIZA  River  basin  near  SOVERZME  (R-14).  Tilth  the  exception 
of  PIEVE  DI  CADORE  Dam,  (R-11),  most  of  the  reservoirs  are  small  and 
combined  synchronized  releases  would  be  necessaiy  to  produce  significant 
flow  vari.ations  along  the  PIAVE  Paver.  Analysis  of  potential  effects  "was 
confined  to  the  large  PIEVE  DI  CADOI®  Dam  outlet  releases.  Reference  is 
made  t(j  paragraph  4-03d(3)  for  detailed  discussion,  to  Plate  13b  for  re- 
sulting artificial  flood  graphs  and  to.  Table  6 for  summary  effects  of 
this  flow  variation  designated  therein  as  Artificial  Flood  No.  2.  Cyclic 
effects  of  lesser  magnitude  and  duration  could  be  achieved  by  litniting 
the  duration  of  releases  from  the  cutlets  so  as  not  to  unduly  deplete 
the  storage  in  the  reservoir.  Refilling  of  the  reservoir  ?rould  take  a 
long  time  except  during  the  seasons  of  high  runoff,  as  indicated  in  para- 
graph 403b(3).  The  following  tabulation  lists  representative  effects  of 
Artificial  Flood  Mo,  2 illustrating  tho  potential  effects  of  flow  vari- 
ations along  the  PLAVE  River: 
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Item 

Unit 

SEGUSINO 
G-.19.  95) 

PONTE  DI  PIAVE 
G-21  (Km  42,5) 

Amplitude  of  rise 

m 

1.5 

1,0 

Rate  of  rise 

m/hr 

0.05 

0.03 

Time  of  crest 

hr 

32 

53 

Overflow  height 

m 

0.5 

0.5 

Width  flooded 

km 

0.2 

1.5 

Mean  surface  vel. 

ra/Sec 

1.3 

0.7 

at  crest 


(3)  Ma.jor  flood  v;aves.  An  appreciable  flood  wave  v/ould 
result  from  breaching  of  the  PIEVE  DI  CADORE  p/iM  (It-U),  Breaching' of 
the  several  other  dams  novT  existing  in  the  basin  (designated  as  R-9,  Rr-10, 
and  R-12  to  R-16,  inclusive,  on  Plates  1 and  3d  and  in  Table  4)  would  also 
produce  flood  waves.  However,  due  to  their  small  reservoir  storage  capa- 
cities, the  effects  would  not  be  significant  except  for  short  distances 
below  tlie  breached  darns  unless  the  vraves  could  be  combined.  Construction 
of  additional  proposed  reserve irs  might  increase  the  artificial  flood  vrave 
possibilities,  /inalysis  was  made  of  the  effects  produced  by  breaching 
of  PIEVE  DI  C/JIORE  Dam  to  illustrate  the  possible  effectiveness  of  major 
artificial  flood  waves  in  this  basin.  (See  paragraph  4-04d(4)  for  dis- 
cussion, Plate  13b  for  flood  graphs,  and  Table  4 for  summary  of  effects 
of  Artificial  Flood  No.  7,  prcd'uced  by  breaching  the  PIEVE  DI  CADOHE  Dam)* 
Appreciable  flooding,  especially  in  the  lower  reaches,  could  be  achieved 
for  short  periods.  Also,  as  noted  in  paragraph  A-06h  of  Exhibit  A,  flow 
could  probably  be  diverted  in'tx)  the  LIVENZA  River  basin  by  proper  operation 
of  the  SOVERZENE  Weir  (R-14).  However,  insufficient  data  v/erc  available 
to  permit  study  of  that  feature.  Breaks  or  overtopping  of  levees  in  the 
lower  reaches  rrould  divert  a considerable  volume  of  the  flovT  to  flood  ex- 
tensive areas  but  would  thus  considerably  reduce  the  effects  at  locations 
dovffistream  from  the  levee  breach.  Representative  effects  are  summarized 
beloVT  for  Artificial  Flood  No,  7: 


SEGUSINO 

PONTE  DI  PBVE 

Item 

Unit 

G-19  (I^  95) 

G-21  (Km  42,5) 

Amplitude  of  rise 

m 

3.0 

1.5'j;- 

Rate  of  rise 

m/kr 

0,3 

0.1 

Time  of  crest 

hr 

14 

26 

Overflow  height 

m 

. 2.5 

1.5-"- 

Width  flooded 

km 

0.3 

1.5-;-^ 

Mean  surface  vel, 
at  crest 

m/sec 

1.9 

0.8 

•3;-Assuming  major  levees  intact  and  not  overtopped. 
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4-06 

f,  B RENT  A River. 

(1)  Still-water  barriers  and  drainage  oIj staples.  The 
entrenched  nature  of  the  stream-bed  rninilmizes  the  possibility  of  creating 
effective  vrater  obstacles  by  means  of  erection  of  temporary  dams  as  dis- 
cussed in  iDaragraph  4-02d(6);  However,  the  many  irrigation  and  drainage 
canals  in  the  large  reclaimed  areas  adjacent  bv  .this  stream  as  indicated 
on  Plate  9,  offer  opp<‘jrtunity  of  creation,  of  extensj.ve  drainage  obstacles 
by  breaching  of  canal  dikes  and  disruption  of  other  drainage  and  irrigation 
facilities . 


(2)  Stream  f loyr  variations . Since  this  river  ba,sin  las 
only  one  e^dsting  reservoir,  a snail  one  designated  as  R-17  on  Plate  1 
and  in  Table  4-j  the  possibility  of  pmducing  detrimental  flow  variations 
alwig  this  stream  are  insignificant. 

jt 

(3)  Ma.jor  flood  waves.  The*present  lack  of  large  reser- 
voirs in  this  basin  minimises  the  possibilities  of  producing  major  artifi- 
cial flo(xi  v;aves. 

g«  ADIGE  River. 

(1)  Still-water  barriers  and  drainage  obstacles.  The 
ADIGE  River  affords  good  possibilities  for  formation  of  a continuous 
water  obstacle  • Brcacliing  of  the  river  levees  v/ould  flood  large  areas 
on  both  sides  of  the  stream,  as  the  water  surface  lies  higher  than  the 
general  terrain  except  during  periods  of  Iot:  stages.  A c(msiderable 
volume  of  water  is  available  in  the  many  hydroelectric  reservoirs  in 
the  area  to  supplenont  natural  flow.  Reference  is  made  to  Table  5, 

Plate  11^  and  paragraph  4-02d(7)  for  additional  information.  References 
4 and  9 also  contain  discussion  of  potential  inundation  including 
possible  locatiohs  for  deliberate  dike  breaches  to  produce  maximum  effect. 

(2)  Stream  flow  variations  . 

(a)  The  large  nuiril^er  of  existing  dams  and  reser- 
voirs in  tliis  river  basin  (Serial  No.  R-18  to  R-37,  inclusive,  on  Plate  1 
and  Table  4)  -afford  m.any  opportunities  of  creating  detrim'entaGr'flow 
variations  along  the  ADIGE  River.  It  yt&s  not  practical  to  study  the 
effects  of  all  of  these  vdLthin  the  limits  of  available  data  and  time 
allotted  to  the  study i,  Consequently,  analysis  vras  .trade  of  the  effects 
of  releases  'from  the  outlets  of  the  tvto  largest  reservoirs  Ttithin  the 
area,  namely  S.  VALENTINO  (R-22)  and  3.  GIU3TBIA  (Rr-28).  It  is  believed, 
that  the  results  of  -this  study  indicate  the  relative  potentialities 
within  the  basin.  Releases  of  water  from  the  outlets  of  the  dams  could 
produce  shallow  flo'jding  covering  about  a 1-kilometer  -wide  strip  in  the^ 
ammediate  vicinity  of  the  streams.  Flow  variations  coupled  with  breaching 
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4-06g(2) 

of  levees  and  manipulations  of  drainage  and  irrigation  facilities  in  the 
low  plains  and  coastal  region  below  VERONA  could  inundate  a considerable 
area  limited  by  the  volume  of  v;ater  available  for  release  from  the  reser- 
voirs. Reference  is  made  to  paragraphs  4-03d(4)  and  (5)  for  discussions 
of  the  flow  variations  produced  by  releases  from  S.  VALENTINO  Dam  (Rr-22)- 
and  S.  GIUSTINA  Dam  (R-28),  designated  as  Artificial  Floods  Nos,  3 and  4, 
respectively.  Artificial  flood  graphs  are  shown  on  Plate  13c  and  the 
effects  are  summarized  in  Table  6,  Comparative  results  of  both  artificial 
flood  mves  are  shown  in  the  follov/ing  tabulation; 


PESCAHNA  ALBEFiEDO  D*ADIGE 

G-33  (Ilti  168)  G-34  0^  H4) 


Item 

Unit 

Flood  3 

Flood  4 

Flood  3 

Flood  i 

Amplitude  of  rise 

m 

0.5 

1.5 

0.5 

1.0 

Rate  of  rise 

m/hr . 

0.01 

0.05 

0.01 

0.02 

Time  of  crest 

hr 

90 

52 

113 

79 

Overflow  height 

m 

In  banks 

Bankfull 

Bankfull 

0.5 

Width  flooded 

kn 

0,2 

0*3 

0.6 

0.9 

Mean  surface 

ra/sec 

1.3 

1.4 

0.7 

0.7 

velocity  at  crest 


b.  Coordinating  releases  from  the  tvro  dams  by  lagging  the 
opening  of  S.  GIUSTINA  Dam  (R-22)  36  to  48  hours  after  opening  of 
S,  VALENTINO  Dam  (R-28)  to  synchronize  the  flov/s  wouH  produce  slightly 
higher  peak  values  in  the  lower  reaches  of  the  ADIGE  River.  The  result- 
ing velocity  vrould  not  be  appreciably  greater  but  some  increase  above  the 
peak  stage  and  the  iTidth  and  height  of  uverbank  flooding  of  Flood  No.  4 
could  be  expected  as  indicated  by  the  following  tabulation; 


PESCATINA 
G-33  O&n  168) 

ALBEREDO  D ‘/iDIGB 
G-34  (¥m  114) 

Item 

Unit  Flood  4 

Combined 
Floods 
3 & 4 

Flood  4 

C orabined 
Floods 
3 & 4 

Aimplitude  of  rise 

m 1.5 

1.9 

1.0 

1.2 

Rate  of  rise 

m/hr  0,05 

0.06 

0.02 

0.03 

Time  of  crest 

hr  52 

90-K- 

79 

113^- 

Overflow  height 

m Bankfull 

0.5 

0.5 

0,7 

?Fidth  flooded 

km  0.3 

0.35 

0.9 

1.4 

Mean  siurface 

velocity  at  crest 

m/sec  1.4 

1.4 

0.7 

0,7 

•JsTime  after  initial  release  at  R^-22  (releases  of  Rr-28  lagged  36-48  hours 
after  initial  releases  at  R-22  ici  conbined  Floods  3 & 4 wave). 


IV-32 


CONFIDENTIAL 

security  information 


4-0  6g 


CONFIDENTIAL 

SECURITY  INFORMATION 


(3)  Ma.ior  Flood  Waves. 

(a)  Mai-^y  opportmities  exist  for  creation  of  major 
artificial  flood  waves  in  this  basin.  Proper  coordination  of  breaching 
of  the'  numerous  dams,  designated  as  R-18  through  R-37  on  Plate  1 and 
Table  4,  could  produce  innumerable  combinations  of  flood  waves.  Con-., 
siderably  more  time  and  additional  data  v/ould  be  necessaiy  to  make  a 
comprehensive  study  of  all  these  possibilities.  Breaching  of  the  dams 
of  the  two  largest  reservoirs,'  R-22  and  R-28,  would  produce  most  signi- 
ficant results 3 they  were  therefore  analyzed  in  this  report.  Resulting 
flooding  would  cover  the  1-kilojneter  v/ide  strip  between  the  major  levees 
if  levees  were  intact  and  not  overtopped.  Breaks  or  overtopping  of  levees 
vrould  reduce  farther  dorms tream  effects  along  the  river  by  diverting  the 
r;ater  to  'inundate  extensive  areas  in  the  depression  lying  between  the  • 
ADIGE  and  PO  Rivers.  Reference  is  made  to  paragraph  A-09a  of  Exhibit  A 
and  to  Reference  9 for  description  of  the  topographic  and  geologic  features 
peculiar  to  this  basin  that  would  influence  the  development  and  effective- 
ness of  artificial  flood  v/aves.  Detailed  discussion  of  Artificial  Floods 
Nos,  8,  9 and  10,  the  major  artificial  flow  waves  studied,  is  contained  in 
paragraphs  4-04d(5)  to  (7),  inclusive.  The  flood  graphs  shovm  on  Plate  13c 
illustrate  the  nature  of  waves  caused  by  dam  breaching  and  Table  7 summar- 
izes the  effects  along  the  ADIGE  River.  The  following  tabulation  of 
effects  of  /mtificial  Floods  Nos,  8,  9 and  10  illustrate  the  nature  of 
major  artificial  flood  waves  produced  along  the  lovmr  reaches  of  the 
/JDIGE  River  by  breaching  of  S.  VALENTDIO  (R-22)  and  S.  GIUSTINA  (R-28) 

Dams: 


AIBEREDO  D*  ADIGE  (ito  114) 


Breach  of  R-22 

Breaches 

of  R-28 

It  on 

ISiit 

Flood  8 

Flood  9 

Flood  10 

Amplitude  of  rise 

ra 

1.0 

1.5’'' 

2.0-::- 

Rate  of  rise 

mA^ 

0.03 

0.1 

0.2 

Time  of  crest 

hr 

89 

42 

36 

Overflow  hei^t 

m 

0,5 

1.0^:- 

1.5* 

ITidth  flooded 

l<m 

1.2 

2,0* 

2,5* 

Mean  surface 

velocity  at  crest 

m/sec 

0,7 

0.8 

0.9 

■jfAssuming  major  levees  intact  and  not  overtopped, 

(b)  Ciimbined  breaching  of  S.  V/LLENTINO  (R-22)  and 
S.  GIUSTINA  (R-28)  Dams  would  slightly  increase  the  resulting  flood  wave 
effects  below  the  junction  of  the  NOCE  and  ADIGE  Rivers.  Breachiig  of 
S.  GEIBTIFIA  Dam  should  be  delayed  from  42  to  54  hours  after  initial 
breaching  of  S.  VALENTINO  Dam  to  secure  proper  synchronization  of  peate 
beloYJ"  the  junction  of  the  tim  streams,  A small  Increase  in  depth  and 
vddtb.  of  florxiing  but  a practically  negligible  increase^ in  velocity 
would  be  effected  as  indicated  by  the  following  tabulation  of  conparative 
values  at  /ilBEREDO  D<  AHEGE  (G-34): 
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Ccmbined  Breach 
Breach  of  R-28  of  E-22  & R-29 


Item 

Unit  ' 

Flood  10 

Floods  8 plus 

Arrplitude  of  rise 

m 

2*0-x- 

2*3^^ 

Rate  of  rise 

rn/hr 

0*2 

0.2 

Time  of  crest 

hr 

36 

Overflow  hei^t 

ra 

1.5^F 

1,8>" 

Vifidth  flooded 

km 

2,5-':- 

2,1^^ 

Mean  siarface 

m/sec 

0,9 

0.9 

velocity  at  crest 


ii-Assuming  major  levees  intact  and  not  overtopped 
•JHC-Time  after  initial  breach  at  R-22 

/ 
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SECTION  V 

EFFECT  ON  MILITARY  OPERATIONS 


5-01  general. 

The  purpose  of  this  section  is  to  assist  military  planning 
personnel  in  estimating  the  relative  value  and  effect  of  artificial 
floods  upon  associated  military  factors  such  as  bridging,  ferrying,  and 
traf f icabiliiy . The  effects  of  artificial  floods  upon  military  oper- 
ations may  vary  greatly,  depending  on  the  hydrologic  and  weather  condi- 
tions, the  tactical  and  logistical  situation,  and  the  type  of  equipment 
involved.  Reference  is  made  to  Section  IV  for  discussion  of  the  h^rau-  ‘ ' 
lie  features  associated  with  artificial  flooding. 

■ 5-02  CHARACTERISTICS  OF  MILITARY  BRIDGING. 

a.  The  loading  capacities  of  standard  U.  S.  Army  floating 
bridging  under  conditions  classified  as  “Safe,  Caution,  and  Risk  Cross- 
ings, “ for  various  current  velocities  are  tabulated  in  Table  8, 

Included  are  the  current  velocities  that  presimiably  vrould  destroy  the 
bridge  in  place  with  no  load,  the  values  ranging  from  9 to  16  feet  per 
second  (i.e,,  about  2,7  to  4.9  ra/sec).  Table  8 is  prinBrily  based  on 
data  contained  in  References  87  and  88. 

b.  It  should  be  noted  that  the  velocities  shown  in  Table  8 
represent  general  averages.  The  ability  of  floating  bridges  to  7d.th- 
stand  current  velocities  depaids  upon  numerous  variable  factors  such  as; 
special  provisions  for  secuiring  the  bridge,  the  rate  of  change  in  river 
stage,  direction  and  variability  of  current,  debris  carried  by  the  stream 
and  other  considerations.  Standard  bridging  has  withstood  conditions  more 
severe  than-  indicated  in  Table  8 and  has  failed  under  apparently  less 
critical  velocities. 

5-03  EFFECTS  OF  ARTIFICIAL  FLOODING  DURING  ACTUAL  CROSSING  OPERATIONS. 

The  artificial  flooding  of  the  PIAVE  River  during  World  War  I, 
referred  to  in  Paragraph  4-Ole  of  this  report,  -was  responsible  for  stop- 
ping the  Austrian  advance  at  the  PIAVE  River  according  to  Reference  2, 

The  inundation  prevented  the  Austrians  from  crossing  the  river  and  the 
complex,  criss-cross  pattern  of  irrigation  canals  and  ditches  hampered 
their  movements.  - Reference  11,  listed  in  the  Bibliography,  contains  an 
evaluation  of  river  crossings  and  terrain  appreciation,  and  also  notes 
that  the  .German  advance  was  stopped  at  the  PIAVE  after  the  CAPORETTA 
defeat. 
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5-04  EFFECT  OF  STILL-WATER  BARRIERS  AND  DRAINAGE  OBSTACLES. 

a.  Reference  is  made  to  paragraphs  4-02  and  4-06  for  discus- 
sion of  the  hydraulic  features  associated  mth  formation  and  augmenta- 
tion of  water  obstacles  by  means  of  temporary  damming  operations  or  by 
disruption  of  normal  drainage  along  the  various  major  rivers  of  the 
VENETIAN-FRIULI  PLAINS, 

b.  Bridging  and  ferrying  operations  vdthin  the  backv/ater 
reaches  upstream  from  the  tonporaiy  dams  would  be  hindered  by  reason  of 
the  resulting  greater  width  and  depth  of  crossing,  indicated  in  Table  5 
and  On  Plate  11.  Approach  traffic ability  would  be  reduced  by  the  shallow 
overbank  flooding  and  the  increased  stream  depths  would  hinder  fording 

at  shallow  spots  in  the  affected  reaches  of  the  river.  Since  the  result- 
ing increased  v/ater  obstacles  would  not  be  continuous  along  the  streams 
(as  illustrated  on  Plate  11),  still-water  barriers  must  be  combined  v/ith 
other  natural  obstacles  and  with  tactical  operations  in  order  to  channel- 
ize military  action, 

c. .  Breaching  of  levees  would  be  necessary  in  some  cases;  v/hile 
in  others,  blocking  of  culverts,  drainage  outlets  and  low  spots  or  open- 
ings in  levees  Vfould  be  required  in  addition  to  temporary  damming  oper- 
ations in  order  to  create  effective  still-water  barriers  and  drainage 
obstacles. 


d.  Breaching  of  levees  along  the  ADIGE  River  during  periods  of 
moderate  to  hi^  flows  would  create  a substantial  water  obstacle  to  cross- 
ing operations  and  would  reduce  overland  trafficabili'ty . A practically 
continuous  obstacle  might  be  so  effected  as  indicated  on  Plates  10  and  11, 

e.  Overland  traffic  ability  in  the  extensive  reclaimed  lands 
shovm  on  Plate  9 would  be  reduced  by  inundation  created  by  disruption  of 
drainage  and  irrigation  facilities  in  tliose  areas, 

f . Overland  trafficability  along  the  coastal  zone  or  inland 
from  the  ADRIATIC  SEA  would  be  hindered  by  breaching  of  the  sea  dikes  or 
river  levees  in  the  flat  low-lying  tidal  reaches  of  the  streams . 

g.  Over  much  of  the  potentially  floodable  areas  of  the.  NORTH 
ITALIAI'I  PLAIN,  cross-country  movement  off  the  roads  would  be  difficult  or 
impossible  even  if  there  Tfere  no  flooding  because  of  the  numerous  canals 
which  cut  up  the  Surface  of  the  country.  After  flooding,  the  vrater- 
logged  condition  of  the  soil  over  wide  areas  would  render  impossible  any 
attempt  at  cross-country  movement  off  the  roads. 
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h.  Continuous  military  support  of  the  temporary  dam  instal- 
lations would  be  necessary  to  prevent  their  d-estruction  by  enerry  air  or 
ground  action.  Destruction  or  failure  of  a temporary  dam  would  release 
a flood  wave  of  short  duration  that  TOuld  tonporarily  hinder  crossing 
operations  below  the  structure  and  which  might  cause  progressive  failure 
of  other  downstream  structures, 

5-05  EFFECT  OF  FLOW  VARIATIONS. 

a.  Reference  is  made  to  paragraphs  03  and  4-06  for  discus- 
sion of  possible  detrimental  flovf  variations  that  could  be  created  on  the 
main  streams  of  the  VEMETIM-FRIULI  PUINS  region  of  NORTHEAST  ITALY  by 
means  of  regulated  discharge  from  the  major  hydroelectric  power  dams  of 
the  area  listed  in  Table  4 and  indicated  on  Plate  1,  Resulting  f lew- 
variations  analyzed  in  the  report  are  surmarized  in  Table  6 and  presented 
graphically  on  Plates  13a,  b and  c, 

b»  Sudden  opening  of  the  gates  of  the  outlets  of  the  hydro- 
electric dams  -vrould  produce  flow  variations  that  v/ould  hinder  floating 
bridging  or  fording  operations  by  increasing  the  depth  and  width  of  the 
streams  as  indicated  in  Table  6.  The  rate  of  change  of  stage  would  be 
too  slow  to  seriously  affect  operations.  Except  in  the  steep  reaches 
located  in  the  mountainous  region  immediately  below  the  dams,  velocities 
would  not  be  large  enough  to  seriously  hinder  floating  bridges  or  endanger 
fixed  bridges, 

c.  In  some  cases  hinderances  to  floating  bridging  or  fording 
operations  could  be  intensified  by  proper  synchronization  of  releases  , 
from  several  reservoirs, 

d.  Cyclic  variations  in  depth  and  vddth  of  streams  by  means 
of  opening  and  closing  dam  outlets  could  increase  dif  ficul-ties  in  oper- 
ation and  maintenance  of  floa-ting  bridges,  Hov/ever,  the  duration  and 
magnitude  of  the  flow  variation  would  be  reduced  from  that  effected  by 
sus-tained  releases. 

e.  The  creation  of  still-water  barriers  and  drainage  obstacles 
outlined  in  paragraphs  4-02,  4-06  and  5-04  would  be  facili-tated  by  re- 
leases of  water  from  the  reservoirs  to  supplement  natural  stream  flow  to 
provide  the  required,. volume  of  water. 

f.  No  appreciable  effect  on  bridging  or  crossing  operations 
could  be  expected  by  release  of  water  from  the  small  power  outlets  of  the 
hydroelectric,  dams, ■ 

* 1 

g.  Deliberate  destruction- of  the  structures  or  gates  of  the 
lydroelectric  power  dams -in  .the  area  -vTOuld.  prevent  -their  use  by  the  enamy 
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in  producing  detrimental  flow  variations  during  a later  critical  period 
and  would  seriously  disrupt  the  electrical  povrer  facilities  of  the  region* 
Emptying  of  the  reservoirs  TOuld  have  a similar  effect. 

h.  In  order  to  utilize  the  gates  of  the  dams  in  the  area  to 
produce  flow  variations,  it  would  be  necessaiy  to  provide  for  defense  of 
the  sites  against  enony  air  or  ground  attacks.  Breaching  of  the  struc- 
tures or  damage  to  the  operating  mechanism  by  enemy  action  would  prevent 
useful  operations,  of  the  gates,  especially  where  cyclic  releases  are 
concerned. 

5-06  EFFECT  OF  MAJOR  FLOOD  WAVES, 

a.  Reference  is  made  to  paragraphs  4-04  and  4-06  for  discussion 
of  the  hydraulic  features  associated  vdth  creation  of  major  artificial 
flood  waves  on  the  streams  of  the  region  by  breaching  the  dams  of  hydro- 
electric developments  listed  in  Table  4 and  indicated  on  Plate  1.  Hydrau- 
lic effects  of  representative  flood  vraves  so  created  by  breaching  dams  of 
the  larger  key  reservoirs  are  sumnarized  in  Table  7 and  presented  graphi- 
cally on  Plates  13a,  b and  c, 

b . Flood  waves  created  by'  dam  breaching  Tvould  probably  destroy 
or  seriously  damage  fixed  and  floating  bridges  located  short  distances 
below  the  breached  dams.  Farther  doTOstream,  damage  to  fixed  bridges 
would  be  problonatic  but  floating  bridging  might  be  endangered. 

c.  Floating  bridging  operations  in  the  steeper  mountainous 
reaches  would  be  hindered  by  the  resulting  high  velocities  of  flow.  In 
the  lower  reaches,  velocities  would  probably  not  be.  sufficient  to  serious- 
ly damage  or  hinder  floating  bridging, 

d.  Stream  crossings  by  fording,  ferrying  or  floating  bridging 
operations  would  be  hindered  by  the  appreciable  magnitude  and  rate  of 
rise  of  the  artificial  flood  waves . 

e.  The  duration  of  the  flood  vraves  vrould  be  short  and  conse- 
quently, any  continuing  interference  vdth  military  operations  would 
likewise  be  short, 

f . The  possibility  of  breaching  of  a dam  could  have  a deterrent 
effect  upon  military  operations  In  causing  delay  in  stream  crossing  until 
the  dam  was  destroyed  or  captured.  Breaching  of  a dam  or  emptying  of  its 
reservoir  would  eliminate  this  deterrent  effect, 

g.  Breaching  of  a dasn  would  serve  to  reduce  the  time  required 
to  transfer  the  contents  of  thse  reservoir  downstream  to  assist  in  fill- 
ing of  still-water  barriers  discussed  in  paragraphs  4-02,  4-06  and  5-04, 
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h.  The  electrical  power  supply  for  cities,  industries  and  elec- 
trified railways  of  a large  part  of  NORTFIEAST  ITALY  Tfrould  be  seriously  dis- 
rupted by  breaching  the  numerous  hydroelectric  power  dams  in  this  region. 

i.  Breaching  of  levees  and  destruction  of  drainage  and  irriga- 
tion facilities  might  be  necessary  in  some  cases  in  order  to  fully  exploit 
the  maximum  possible  effectiveness  of  artificial  flood  Y/aves. 

j.  Military  support  of  permanent  or  tanporary  dam  installations 
vrould  be  necessary  to  prevent  their  destruction  by  enemy  air  or  ground 
action.  Such  destruction  would  prematurely  release  flood  waves  that  could 
hinder  action  by  our  forces  belovr  the  breached  structures.  Deliberate 
demolition  of  dams  or  barriers  vrould  prevent  their  use  by  the  enemy  in 
producing  detrimental  major  flood  7/aves  or  flow  variations  during  a later 
critical  period. 

5-07  EEFECTS -RELATED  TO  OTHER  BASINS. 

a.  Artificial  flooding  in  this  region  could  be  coordinated 
mth  similar  operations  on  other  nearby  river  basins  to  create  simul- 
taneous or  progressive  Y^ater  obstacles  affecting  military  actions. 

Specific  reference  is  made  to  similar  studies  on  the  SAVA  River  basin 

of  Yugoslavia  ard  the  DR/iU  (DR/iVA)  River  basin  of  Yugoslavia  and  Austria, 
recently  completed  by  this  office  and  listed  as  References  89  and  90  in 
the  Bibliography  of  this  report.  Additional  studies  are  currently  being 
made  by  this  office  on  the  streams  of  the  AUSTRIM  ALPS  located  just 
north  and  northeast  of  the  region  covered  by  this  report, 

b.  Artificial  flooding  measures  undertaken  in  this  region, 
particularly  along  the  ADIGE  River,  could  be  coordinated  with  similar 
operations  along  the  PO  River,  which  closely  parallels  the  lower  ADIGE 
River,  Hovrever,  such  a study  Y/as  beyond  the  scope  of  this  report  and 
YiTould, involve  considerable  time  and  effort,  due  to  the  vast  extent  and 
complex  nature  of  the  PO  basin. 
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TABLE  I 

B3UIVALEMT  ENGLISH-METRIC  TERMS 


To  reduce  A to  B.  multiply  A by  Fi  To  reduce  B to  A,  imltiplv  B by  G, 
Unit  A Factor  F Factor  G Unit  B 


LENGTH 


Miles 

1.60935 

.62137 

Kilometers 

Meters 

3.2808 

.30480 

Feet 

Meters 

39.370 

,025400 

Inches 

Square  Miles 

AREA 

2.590 

.3861 

Square  Kilometers 

Square  Mi.les 

259.000 

.0038610 

Hectares 

Hectares 

2.47104 

.40469 

Acres 

Acres 

4046.9 

.00024710 

Square  Meters 

Cubic  Meters 

VOLWffi 

35.3145 

.028317 

Cubic  Feet 

Cubic  Feet 

28.317 

.035314 

Liters 

Acre-feet 

43560, 

.000022957 

Cubic  Feet 

Acrc-fcet 

1233.5 

.00081071 

Cubic  Meters 

Cubic  feet  per  second 

DISCHARC® 

1.9B35 

.50417 

Acre-feet  per  24  hours 

Cubic  meters  per  second 

35.3345 

.028317 

Cubic-feet  per  second 

Miles  per  hour 

VELOCITY 

1.60935 

.62137 

Kilometers  per  hour 

Miles  per  hour 

1c4667 

.68182 

Feet  per  second 

Meters  per  second 

3.2808 

,30480 

Feet  per  second 

Meters  per  second 

2.2369 

.44704 

Miles  per  hour 

Meters  per  second 

3.600 

.2778 

Kilometers  per  hour 

Feet  per  second 

1.097 

.9113 

Kilometers  per  hour 

Tons  (metric ) 

'WliaiT 

1.102 

.9072 

Tons  (short) 

Tons  (long) 

1,016 

.9842 

Tons  (metric) 

Tons  (metric) 

2205. 

0 000453 6 

Pound s ( avoirdupois ) 

Tons  (metric) 

1000. 

,001 

Kilograms 

Horsepower  (std,  U.S.) 

pom 

550. 

,0018182 

Foot-pounds  per  second 

.Horsepowor  .(raotric) 

.01333 

Kiloerai!3-<net0rs  per  second 

Horsepower  (std,  U<,S.) 

1.034 

.9863 

Horsepower  (metric ) 

Kilovratts 

1.3405 

o7457 

Horsepower  (std,  U.S.) 

Kilowatts 

1.360 

.7355 

Horsepower  (metric) 

Ti®LB  2 


DEFINITIONS  OF  HYDROIDGIC  TERMS 


Altezza  idrotnetrica 
(Gage  height) 

Altezza  della  massima  plena 
(Maximum  gage  height) 

Altezza  della  massima  magra 
(Minimum  gage  height) 

Media  mensile  dell 'altezza 
idrometrica 
(Monthly  mean  stage) 

Media  annuo  dell'altezza 
idrometrica 
(Mean  annual  stage) 

Portata  giomaliera 
(Daily  discharge) 

Portata  massima  giomaliera 
(Maximum  discharge) 


Portata  minima  giomaliera 
(Minimum  discharge) 


Portata  media  mensile 
(Monthly  mean  discharge) 


/ 


Portata  media  annua 
(Mean  annual  discharge) 


Coefficient  di  deflusso 
(Coefficient  of  runoff) 


Height  of  water  (cm)  above  gage  zero. 


Highest  gage  hei^t  (cm)  observed 
during  operation  of  gaging  station* 

Lowest  gage  hei^t  (cm)  observed 
during  operation  of  gaging  station. 

Mean  of  average  daily  gage  heights 
(cm)  for  a month  averaged  over  a 
stated  number  of  years. 

Average  of  mean  monthly  gage  heights 
(cm)  for  a year  averaged  over  a 
stated  number  of  years. 

Average  rate  of  discharge  (m^/sec) 
for  one  day. 

Maximum  daily  rate  of  discharge 
(m^/sec)  observed  during  a stated 
period  of  record. 

Minimum  daily  rate  of  discharge 
(m^/sec)  observed  during  a stated 
period  of  record. 

Mean  of  average  daily  rate  of 
discharge  (m^/sec)  for  a month 
averaged  over  a stated  number  of 
years • 

Average  of  mean  monthly  rates  of 
discharge  (nr /sec)  for  a year 
averaged  over  a stated  nvmber  of 
years. 

Ratio  of  infloiT  to  outflow  for  the 
drainage  area  of  the  gage  for  a 
stated  period  of  time. 


5 


p< 


s> 


n 

«) 


+» 

a 

o 

•H 

u 

t) 

> 

'd 

of 

cJ 

o 


o 

o 

o 

« 

o 


o 

d 

o 

to 


iHE 

C?N 

w 

u 

*H  I 
« 

M i 


§1) 

1-4 

> 

d 

a 


o 

c: 

o 

•H 

+» 

d 

u 

t) 

0( 

o 

o 

tS 

n 

(X 

-cf 


P<  fli 

eg  •♦» 
JS  O 

< » 


,o 

c 

o 

c; 

E5 


r-<  » O 


(2)  Gage  iit^  measttramenta  began  1923*  discharge  measurements  began  I925 

(3)  Gage  ht.  measurements  began  192h,  discharge  measurements  began  I925 
(if)  Partial  record  from  1925  to  1928  for  discharge 

(5)  Diversion  of  flow  into  LAGO  S.  QHCCE 

(6)  Prom  profile 
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EXHIBIT  A 

ABSIHACTS  OF  TECHNICAL  LITERATURE 
ON  HYDRAULIC  DEVELOPMENTS  ■ 

IN  IIIE  VENETIAN-PRIULI  PLAINS 


A-01.  INTRODUCTION 

a,  -This  exhibit  consists  of  abstracts  of  technical  liter- 
ature concerning  tee  physical  and  hydrologic  characteristics  of  the 
streams  of  the  VENETIAN-FRIULI  Plains  of  NORTHEAST  ITALY  and  perti- 
nent fea'tures  of  the  hydroelectric  power  developments  in  the  area. 

The  information  'was  obtained  from  American,  Austrian,  British, 

German,  Italian,  and  Swiss  technical  literature.  The  sources  are 
listed  according  to  -the  Reference  Nmbers  cited  in  the  Biblio- 
graphy following  the  text  in  ihe  main  body  of  this  report.  In 
selection  of  abstracted  material,  primary  emphasis  was  placed  upon 
hydraulic  and  hydrologic  fea-tures  that  vculd  be  of  use  in  the  study 
covered  by  this  report.  Reference  should  be  made  to  tho  basic 
sources  for  other  critical  features,  such  as  structural  and  elec- 
trical factors.  The  information  available  in  the  sources  in  many 
cases  is  incomplete.'  However,  it  is  believed  ihat  the  material  pre- 
sented in  this  exhibit  'vrould  assist  in  determining  the  relative 
military-hydrology  potentialities  of  the  hydraulic  developments  now 
existing  or  proposed,  v/ithin  -the  region.  In  addition,  this  exhibit 
mi^t  be  utilized  to  supplement  information  obtained  from  other 
sources  and  from  field  reconnaissance  or  to  serve  as  a guide  to 
indicate  the  nature  and  extent  of  desirable  additional  data  to  be 
supplied  by  further  research  or  intelligence  procurement. 

b.  Specific  reference  is  also  made  to  the  general  map, 
Plata  1 of  the  report,  for  locations  of  important  elements,  and  to 
Table  4 of  the  report  for  summarized  pertinent  data  on  hydroelec- 
tric structures.  Serial  nvuribers  of  hydroelectric  power  develop- 
ments as  shown  in  Table  4 and  Plate  1 of  the  report  are  included  in 
this  exhibit  to  facilitate  identification.  The  river  kilometers 
cited  in  this  exhibit  correspond  to  the  system  used  throughout  the 
report  and  described  in  paragraph  l-04e  of  the  text.  A gazetteer 

of  geographic  names  and  locations  appears  as  Exhibit  B of  the  report. 

A-02,  HISTORICAL  BACICROUND 

a.  This  description  covers  tho  part  of  NORTH  ITALY  bo'und- 
ed  on  the  east  by  the  drainage  basin  of  tho  ISONZO  River,  on  tho 
west  by  tho  ADIGE  River,  on  the  south  by  the  ADRIATIC  Sea  (the 
natural  outlet  for  runoff  of  this  entire  area),  and  on  the  north 
by  tho  ALPS.  Tho  major  part  of  tho  area  is  included  within  tho 
Italian  Province  of  VENEZIA.  Besides  tho  ADIGE  and  ISONZO  Rivers 
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and  -tiiGir  tributarios,  this  study  includes  the  TAGLIAMEMTO,  PIAVE, 
LIVENZA,  BRENTA.,  and  BACCHI6LI0NE  Rivers  and  their  tributaries. 

b.  It  is  important  to  refer  to  a few  facts  cf  recent 
history  which  may  explain  certain  anomalities  in  the  development 
of  those  rivers  and  the  political  struggle  for  their  resources. 

Up  to  1918,  the  end  of  ''Vorld  ''■Var  I,  jurisdiction  over  these  rivers 
had  been  divided  between  AUSTRIA-HUNGARY  and  ITALY.  The  political 
boundary  lino  followed  very  closely  to  -the  physidal  boundary  be- 
tween the  ALPINE  MOUNTA.INS  and  the  VENETIAN  p'uiNS.  The  sources 
and  upper  roaches  of  Iho  ADIGE,  BACCHIGLIONE,  BRENTA,  PI/S.VE,  and 
TAGLIAl^'IENTO  Rivers  were  located  in  the  AUSTRIA -HUNGARIAN  Province 
of  SOUTEi  TYROL,  Rapid  discharge  of  flood  water  v?as  the  primary 
interest  of  the  Austrian  hydrographic  authorities.  The  Italian 
territory  along  the  lower  reaches  of  these  rivers  was  repeatedly 
subject  to  floods  reaching  catastrophic  proportions  in  some  years. 
The  ISONZO  River  was  an  exception  as,  prior  to  1918,  it  was  con- 
fined entirely  m thin  AUSTRIa-HUNGjYRY.  From  1915-1918,  the  ISONZO 
River  marked  an  important  battle  lino  bet¥;een  ihe  forces  of  ITALY 
and  AUSTRIA. 


0.  As  a result  of  ?/orld  i^^ar  I and  the  1919  Treaty  of 
Versailles,  new  Italian  boundaries  were  drav/n.  Bie  drainage  areas 
of  all  these  rivers  were  included  mthin  ITisLY.  Later,  the  Italian 
Government  made  a great  effort  to  develop  tho  upper  roaches  of 
these  rivers  by  building  hydroelectric  power  plants  and  other  struc- 
tures. This  effort  was  interrupted  by  liiforld  V^ar  II  but  rosumod 
again  in  1945  as' a result  of  U.  S,  economic  aid  granted  to  IlrALY, 
Particular  emphasis  v;as  placed  upon  development  of  hydroelectric 
povror  needed  for  ITALY'S  industrialization  because  IIT1.LY  lacks  coal, 

d.  As  a result  of  World  War  II,  Yugoslav  Forces  occupied 
the  territory  of  the  upper  ISONZO  River  as  far  as  tho  city  of 
GORICE  (GORIZIA),  This  annexation,  however,  is  not  internation- 
ally recognized  "do  jure"  although  we  have  to  deal  with  it  "do 
facto."  Besides  the  ISONZO  River,  other  rivers  in  this  region 
also  have  served  as  important  battle  linos,  particularly  the  PLIVE 
and  TilGLLlMENTO  Rivets  in  World  War  I. 

A-03.  GEOLOGY  AND  HYDROLOGY  (Basis:  References  15  & 73) 

a.  The  area  of  the  rivers  under  consideration  is  divid- 
ed vory  distinctly  into  tho  mountainous  Alpine  part  and  into  the 
■'/ENETL'iN  PL/iINS,  Tho  transition  from  highlands  to  lovdands  is 
very  abrupt  (as  shovm  by  the  map  on  p 258  of  Reference  73  and  by 
tho  physiographic  diagram  on  Plato  2 of  this  report). 

b.  The  mountains  of  the  ADIGE  Basin  are  marked  in  tho 
east  by  the  entrance  pass  at  RESIa,  where  tho  source  cf  Iho  ADIGE 
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Rivor  is  located.  Towards  the  east  lie  the  0EZ1HAL-,  STfJBAI-,  and 
ZILLER-ALPS  with  the  famous  BRENNER  PASS  along  the  AUSTRUAN  border. 
Those  mountain,  chains  are  mostly  of  Archean  origin,  and  consist  of 
schists,  crystals^  and  granites.  Many  glaciers  still  exist  in  those 
mountains. 


0.  At  the  south,  along  the  JUDICAIRE  VALLEY,  the  divid- 
ing  ling  betv/eon  the  Dinaric  hard' limestone  of  the  EAST  ALPS  and 
the  Archean  massive  formations  in  the  lEST  ALPS  runs  in  a south- 
nortli  direction  towards  MERANO,  Between  TRENTO  and  MBIANO  there 
extends  a vast  porphyritic  plateau  at  1200-1600  m above  sea  level, 
cut  across  by  daop  valleys  and  canyons.  Near  CIMA  D’ACTA  is  the 
granite  and  gneiss  formation  in  the  middle  of  an  otherwise 
predominantly  doloxnitic  region.  Towards  the  east,  around  tho 
M/imOUTE  regions  in  tho  DOLOMITE  ALPS,  tho  source  of  the  AVIS  10 
and  CORDEVOLE  Rivors,  tho  stratified  limestone  continues  and  is 
partly  intruded  by  volcanic  rooks  such  as  basalt  and  porphyrite, 

d.  The  VENETIAN  PRE-ALPINE  region,  oast  of  TRENTO,  is 
marked  by  an  Archean  massive  formation  separated  from  the  surround- 
ing limestone  ALPS,  This  area  has  many  deep  depressions  such  as 
tho  VAL  SUGANA  which  contains  the  BRENIA  Rivor,  and  also  lakos  at 
LEVreO  and  GALDONAZZO,  At  tho  oxit  of  the  VAL  SUGANA,  the  PRE-.ILPS 
flatten  in  plateaus  such  as  SETTE  COlilvlUNI  and  GRilPA,  Dio  gorges 
of  tho  BRENT/v  and  PlitVE  Rivors  cut  through  thoso  plateaus. 

Q.  Iho  SOUTHEAST  ALPS  or  C/JIINIHIaN  nLPS  extend  east 
from  DOBBIACO  (TOBLACK).  They  are  of  limostone  and  dolomitio  sub- 
stancG,  distinguished  by  longitudinal  structure  and  straight 
valleys.  Those  mountains  also  form  tho  AUSTRIAN  border*  Near 
DOBBIACO,  in  the  valley  of  PUSTERI/i,  is  the  boundary  botvroen  the 
RIEMZi^ISARCO- ADIGE  and  the  DR/iU-D/iNUBE  drainage  basins.  TARVISIO 
(-74:8  m above  sea  level)  in  tho  eastern  port  of  the  CARINTHLiN  ALPS, 
is  another  important  dividing  point,  separating  tho  valley  of  tho 
FBLL/i,  River  (a  tributary  of  tho  DiGLIiiMENTO  Rivor)  and  the  SAVE 
(SAVA)  River,  a tributary  of  tho  DANUBE  Rivor. 

f.  The  ISONZO  Rivor  valley  also  can  bo  roach od  from  tliis 
point  over  a low  pass.  Farther  oast  are  the  JULIAN  ALPS  along  the 
Italian-YugosLav  border.  Thoso  are  limostone  mountains  and  havo 
somo  vory  rugged  ravines.  At  tho  south,  tho  JULIM  ALI^  join  tlio 
K/iRST  MODI'! TAINS.  Tho  underground  mtor  of  tho  "KARST”  region 
drains  into  boih  the.  SAVE  and  ISONZO  River  basins.  - Dio  stoop  slopes 
of  tho  ALPS  descending  south  into  tho  VENETIAN  PLAINS  and  the  enor- 
mous volume  of  sediment  carried  by  tho  rivers  and  streams  origi- 
nating in  the  high  mountains  of  the  north  and  flowing  into  tho 
ADRIATIC  SEA,  have  moulded  the  character  of  tho  vast,  uninhat  xtablo 
regions  of  tho  VHTETLIN  PMINS  known  as  "magradi"  (poor  land). 
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g.  All  1Jio  strotuns  havo  a torrential  character  and  thus 
require  constant  supervision  bocauso  thoy  often  displace  their  beds 
ond, carry  a considerably  varying  amount  of  flow.  The  T/lGLLiMENTO 
reaches  a 100  to  1 ratio  between  flood  water  and  low  water  dis- 
charges, 

h.  The  IT/iLIAN  PLAINS  emerged  from  the  gulf  of  the 
ADRIATIC  SEA  at  the  ond  of  tlio  Tertiary  Period,  At  the  ALPINE 
border,  ancient  diluvial  deposits  predominate.  Bio  deposits  chongo 
mth  depth  into  a sandy  brovmish  clay  known  as  "forroto.”  At  the 
exits  of  largo  valleys  are  enormous  moraines  in  forms  of  ''amphi- 
theaters” or  "fans”  of  concentric  ridges  such  as  are  found  on  the 
TAGLLdsfENTD  River,  Between  the  largo  valleys,  thoro  are  nxmiorous 
"torrential  cones".  Farther  south,  ihe  ancient  diluvium  is  cover- 
ed by  more  rooont  diluvial  deposits  as  a result  of  fluvio- glacier 
processes  and  the  terrain  slope  s more  gently  towards  tho  south. 

From  this  evolution  came  the  groat  varieties  of  terrain  relief 
characterized  by  lagoons,  coastal  dunes,  and  fluvial  "watton". 

i.  The,  rivers  wore  able  to  out  thoir  bods  doop  in  the 
diluvium  in  tho  lower  roaches.  Those  cuts  then  became  fillod  mth 
clay.  This  accounts  for  the  fact  that  in  most  cases  the  flow  is 
above  tho  surrounding  torrain  (o.g.  the  ADIGE  River  below  VERONA) 
and  largo  areas  become  flooded  unless  protected  by  high  banks  or 
olhor  protective  structures. 


Important 

characteristics 

cf  tho  rivers 

follow 

* 

Length 

Drainage  area 

Discharges  (m^/soo) 

River 

km 

km*^ 

HHW  ' 

w- 

LW 

ISONZO 

135 

3,280 

1,200 

■ 40 

13 

Ti'iGLL'JIENTO 

170 

2,590 

1,500 

80 

50 

PIAVE 

220 

4,100 

3,000 

60 

40 

BRENTA 

174 

2,310 

1,035 

140 

25 

BACCHIGLIONE 

113 

1,600 

770 

78 

38 

ADIGE 

410 

14,700 

2,500 

22 

100 

A-04,  ISONZO  RIVER 


a.  General  Description.  .(Basis:  Roforcncc  74) 

(l)  The  ISONZO  (Yugoslav  term  is  "SOGA")  is  135  km 
long  river  originating  in  tho  JTILLIN  ALPS  on  MONTE  JALLITZ,  near 
TRICORNO  and  M/vNGi'vRT.  Its  drainage  area  is  3E94  km^.  The  main 
tributaries  are:  the  iDRIil,  TORRE,  NATISONE,  and  tho  CMSO 
(VIPACCO). 


(2)  Tho  abundant  rainfall  and  snowfall  amounts  to 
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2500-3000  mm  por  yoar.  Part  rims  off  overground  and  part  under- 
ground ihrou^  the  limdatono  or  "karst"  flubsiarface.  Tho  exact 
patiis  of  this  underground  flovr  are  often  difficult  to  follow; 
thoroforo,  tho  exact  determination  of  drainage  boundaries  is  diffi- 
cult. 


(3)  Ihe  ISONZO  ViUiLBy  is  character izod  by  a zig- 
zag course.  Die  distanoo  betivoon  iho  origin  and  moulh  is  135  km 
along  tho  course  of  tho  river,  i/hilo  tho  straight  line  distance  is 
only  75  lcm»  The  upper  part  of  the  ISONZO  VALLEY  is  relatively 
Tddo,  particularly  at  -the  oonfluonoo  of  tho  OQRITENZa  at  PLEZZO 
and  also  at  TOLMINO  -vhero  Uio  basin  was  eroded  by  glacial  action 
during  tho  Quaternary  Period.  Beti*reon  S.  LUCIA  and  S/s.LCAW0,  tho 
flow  is  confined  in  a deep  picturesque  gorge.  Prom  there#  the 
ISONZO  River  enters  the  FRIULIAN  PLAINS,  proceeding  • towards  iho 
/iDRIIiTIC  SEA  along  the  "karst"  slopes  on  tho  loft. 

b.  Hydroelectric  Dovolopment  (Basis:  Ref.  23  to  26,  incl. ) 

(1)  Prior  to  1918  iho  ISONZO  River  was  located  in 
Austro-Hungarian  territory.  Botwoon  1918-1945  tho  ISONZO  Rivor 
VU3  located  entirely  on  Italian  territory  and  its  development  for 
hydroolootrio  power  production  was  controlled  by  the  Italian  Govorn- 
mont.  Iho  two  major  developments  located  in  tho  ISONZO  basin  v;ore 
completed  shortly  before  tho  entrance  of  Italy  into  V/orld  V;ar  II 
in  1941.  After  1945  tho  upper  part  of  ihe  ISONZO  (above  GORIZIA) 
was  occupied  by  Yugoslavian  Armed  Forces  and  sinoo  then,  this 
territory  has  boon  under  control  of  tho  Yugoslav  Governmont;  hovif- 
over,  the  Italo-Yugoslav  boundary  is  not  yot  internationally  re- 
cognized. ^,Ihe  tvro  main  hydroelectric  power  developments  of  the 
ISONZO  (SOCA  is  the  Yugoslav  terra)  located  in  this  region  aro 
consequently  now  under  tho  control  of  Yugoslavia.  These  tw>  major 
developments  are: 

(a)  DOBLARI  (dOBL/iR  is  tho  Yugoslav  term)  Develop- 

ment. 

1.  SOTTOSELLA  (PODSBLA)  Dam 

DOBL/ja  (DOBLAR)  Power  Plant 

(b)  PL/iVA  ( PLATE ) Development 

1.  AIM  (AJBA)  Dam  and  Intake  Structure 
HAVA  Power  Plant 

0.  SOTTOSELLA  Dam  (Serial  No.  R*il) 

(Basis:  Roforoncos  23  to  26,  inclusive) 

(1)  General.  Tho  dam  was  constructed  between  March 
1937  and  tho  autumn  of  Id ^5  by  tho  Italian  Governmnont  as  part  of 
tho  comprohonsive  elootrification  program  of  Italy.  It  is  dosig- 
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natod  as  Serial  No,  R-1  on  tho  gonoral  map,  Plato  1,  and  portinont 
data  aro  suimnarizod  in  Tablo  4 of  Niis  report.  Iho  reservoir  has 
a capacity  of  6,400,000  m®, 

(2)  Goologio  and  Hydrologic  Conditions. 

(a)  Iho  drainage  area  of  tho  dam  is  1290  km^,  of 
■vhich  approximately  20  poroont  consists  of  terrain  yhioh  is  noar- 
ly  perfectly  impormoablo,  such  as  sandstone,  marl,  and  schist  erup- 
tive rooks,  Sovonty-four  percent  of  iho  area  is  of  loss  impormo- 
ablo material,  such  as  limestone,  dolomites,  broscia  alluvions, 
and  conglomerates • Annual  rainfall  of  this  area  is  very  high, 
amounting  to  as  much  as  2300  mm  in  some  years  and,  in  some  locali- 
ties, up  to  4700  mm.  Bio  low  vro.tor  discharge  of  tho  ISONZO  at  tho 
dam  site  is  20-25  m^/soc,  Iho  maximum  flood  flow  rocordod  at  tho 
gaging  station  located  a short  distance  dotflistroom  from  tho  dam 
■was  2200  ra^/soc.  (Bio  drainage  area  at  -that  gage  is  1357  knr). 

Iho  relief  structures  on  tho  dam,,.hov/ovor,  v/oro  dosignod  for  3000 
m^/soc  basod  on  statistical  analytical  calculations.  Bio  ISONZO 
valley  at  iho  location  of  tho  dam  forms  a very  narrow  and  deep 
rooky  gorgo  Tdth  0.035  porcont  sl-opo.  Numorous  "straits",  somo 
only  100  m apart,  croato  an  oxtromoly  rapid  variation  of  river 
stages  T'hich,  particularly  at  flood  conditions,  reach  unusual  pro- 
portions (o.g.  15-25  m por  second  at  ono  cross-soction  *).  Bio 
river  bod  ividth  is  17  m at  -tho  elevation  of  tho  lew  ■'wator  mark 
and  46  m at  tho  elevation  of  tho  railroad.  An  important  railroad 
lino  runs  along  tho  loft  bank  30-50  m abovo  Iho  low  wator  mark  of 
tho  rivor.  Bedrock  is  found  at  12-14  m bonoath  tho  low  wator  mark. 

Bio  alluvial  layer  is  8-10  m thick.  Compaotnoss  and  impermoability 
of  tho  bedrock  woro  oxaminod  prior  to  construction  by  moans  of 
oxtonsivo  drilling.  Solidification  of  -dio  rock,  in  ordor  to 
aohiovG  comploto  impormoability,  ■'.vas  achieved  by  a comprehensive 
not  of  injoctions  at  -the  cross-sec tion  of  "tho  dam.  Bio  injections 
roachod  deep  into  tho  surrounding  terrain  (soo  p 270  of  Roforonco  24), 

(3)  Bio  Main  Dam  Structuro,  Bocauso  of  difficult 
terrain  conditions,  it  ims  found  nocossary  to  build  tho  dam  on  cais- 
son foundations.  Bio  caisson,  sunk  by  moans  of  oomprossod  air,  v:as 
dopositod  on  tho  solid  rock  approximately  16  m undor  tlio  rivor  bod  at 
105  m olovation  abovo  soa  level.  Bio  floor  of  iho  sunlcon  caisson  was 
cleared  of  soft  parts  of  rock  to  olovation  102,25.  ( Biis  is  tho  low- 
est point  of  tho  dam  structuro.)  Bio  caisson  had  horizontal  dimon- 
sions  of  29x15  m.  Bio  body  of  tho  dam  v/as  constructod  on  this  cais- 
son. Bic  dam  is  a gravityr-arch  typo  constructod  of  roinforood  con- 
oroto  (sGo  Figs.  2,3,4  and  6,  pp  262-270  of  Rof.  24). 

* BblNSLulTOR’S  NOTE:  This  appears  to  bo  unusually  high,  but  is  an 
oxaot  translation  of  original  toxt. 
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The  tody  of  the  dam  has  the  following  dimensions;  ^ 


Pool  elevation 

153.00 

m above  msl 

Hei^t  of  the  dam 

26.7 

m 

Angle  of  the  circular  arph 

84 

degrees 

Thickness  of  the  wall  at  the  foot 
of  the  dam  (ol*  121.0  m) 

6.0 

m • ■ 

Thickness  at  el.  143,5  m 

4.0 

m 

Thickness  at  el,  143.5-147,7  m 

5.0 

m 

(4)  Auxiliary  Dam  Structure.  Ih.e 

stream 

w/as  dammed 

above  the  low  water  mark  approximately  50  m upstream  of  the  main 
dam  site  during  the  period  of  construction  in  order  to  divert  river 
flow  into  the  diversion  tunnel*  This  diversion  dam  consists  of 
gabions  filled  mth  gravel  and  other  material  from  the  river  bed. 
Despite  its  primitive  iijethod  of  construction,  the  auxiliary  dam 
proved  satisfactory  in  fulfilling  its  fiuiotions  and  was  retained 
after  the  completion  of  the  main  dam  for  purpose  of  stopping  solid 
material  moving  with  the  flow.  The  crest  cf  this  dam  was  ultimate- 
ly stabilized  at  132  m elevation. 

( 5)  Spillway  and  Outlets. 


(a)  The  floodviater  outlet  structure  consists 
of  the  followng  elements s 


_1.  Tv;o  spillv/ays  each  1000  m^/seo  capa- 
city; one  on  tho  loft,  the  othor  on 
the  right  bank 

2,  An  outlot  at  127.95  m elevation 

3.  An  outlet  at  tho  bottom  of  the  reser- 
voir,  elevation  116.85  m 


(b)  Tho  spillViTay  on  the  right  bank  of  tho 
reservoir  leads  into  the  bypass  gallery  (diversion  tunnel),  which 
vra.s  used  during  the  construction  period  and  which  was  kept  as  a 
permanent  part  of  the  dovelopment.  Tho  bottom  outlot  of  the  reser- 
voir also  Joins  this  diversion  tunnel.  The  gallery  is  144  m long 
and  has  a 54  m^.  cross-sectional  area  (see  Fig.  5,  Eef.  24).  It 
vra.s  designed  for  800  mVsoc  flow  capacity;  however,  under  actual 
conditions,  when  violent  floods  struck  the  development  during  the 
construction  period,  v/ith  an  upper  stage  of  140^70  m and  a lower 
of  128.50  m,  the  discharge  was  1200  mvsec.  The  velocity  of  tho 
flovif  in  the  normal  oross-sootion  of  tho  tunnel  was  22.5  m/seo  and 
tho  tailwvator  level  1.50  m above  tho  top  of  the  outlet  opening. 

The  entire  flood  carried  1800  mvseo  (p  304,  Ref.  23),  The  en- 
trances of  both  spillimys  are  provided  ■'Ath  3-part  gates  which  may 
be  lifted  above  the  pool  stage  elevation  of  153  m.  Tho  spillway 
crest  is  at  elevation  141  m.  Tho  upper  part  of  the  gate  is  a flap, 
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hingod  horizontally  to  tho  middle  loaf,  and  provides  for  2,80  m 
height  of  closuro  botwoon  elevation  150,20  and  153  m,  Tho  middle 
part  of  tho  gats  is  5.60  m high,  and  its  lower  odgo  closes  at  olo- 
vation  144,60.  Iho  lowest  part  of  iho  goto  is  3.60  m high  and 
closos  the  opening  botwoon  144,60  m and  141,0  m which  is  tho  ele- 
vation of  tie  crest  cf  tho  spillway, 

(o)  The  bottom  and  middle  outlets  are  equipp- 
ed with  gates  operated  from  a platform  at  164,0  m (see  Fig.  5, 

Rof,  24).  The  bottom  outlet  conduit  is  51,00  m long,  on  0.057  por- 
cent  gradient,  and  of  somi-oiroular  oross-soction  equipped  with 
4x4  m gates,  Iho  middle  outlet  conduit,  which  starts  at  elevation 
127,95  m and  ends  at  123,95,  is  81,60  m long,  and  is  also  of  somi- 
oircular  oross-soction  equipped  with  3, 4x3, 4 m gates. 

(6)  Power  Plant  Conduit,  The  intake  structure  from  tho 
reservoir  of  ihe  dam  into  the  prossuro  tunnel  (see  Figs,  2b  and 

8,  p 218,  Rof,  24)  is  equipped  m th  2 gates:  one  fixed,  and  tho 
other  movable.  The  5x5  m double  gates  are  pov/or  operated  from  tho 
platform  at  160,0  m elevation  and  serve  to  close  the  tunnel.  At 
approximately  260  m from  the  entrance,  the  tunnel  crosses  a tribu- 
tary of  tho  ISONZO  River  by  means  of  an  aqueduct.  The  normal 
clear  cross-section  of  -ttie  tunnel  is  5, 6 m diameter.  Its  total 
lengih  between  SOTTOSELLA  (PODSELA)  v/eir  and  AIBA  power  plant  is 
3785  m;  and  it  has  90  m®/sao  flow  capaciiy.  Along  its  entire 
lengih  it  is  drilled  in  the  rock  and  lined  m th  0,17-1,23  m thick 
conoroto  and  roinforcod  by  stool  in  places  -whore  required, 

(7)  DOBLARI  Povrer  Plant.  Tho  SOTTOSELLA  ( PODSELA)  Dam 
pressure  tunnel  loads  into  a surge  ohambor  at  tho  DOBLARI  Pevror 
Plant  (soo  Fig,  9,  p 308  of  Rof,  23  and  p 21,  Fig,  2 of  Ref,  26). 
This  type  cf  surge  ohambor  and  shaft  was  developed  in  order  to 
minimize  iho  very  rapid  variation  of  hydraulic  head,  duo  to  suddon 
changes  in  tho  ISONZO  flow  and  thus  to  avoid  adverse  effects  on 
tho  turbines.  The  gross  hydraulic  head  varies  botwoon  47  and  29  m 
(153  and  148  m upper  and  106  and  119  m tailwator  elevation).  The 
mean  hydraulic  head  of  43  m is  used  for  calculation  of  po-wer.  The 
flow/  from  the  surge  tank  is  directed  to  3 vertical  turbines,  oaoh 
having  30  mvsoc  flow  and  15,000  HP  power  capacity.  The  total 
capacity  of  the  power  plant  is  33,000  KT'  and  the  annual  output  is 
150  million  Kt®,  ^ Tho  power  operated  lovol  of  tho  turbines  is  at 
elovatiai  107,50  m.  Ihe  underground  character  of  tho  power  plant 
and  its  elevation  v;ith  regard  to  tho  tailw/ator  lovol  in  tho  rivor 
roquirod  a special  construction  of  tho  draft  tubes.  The  draft  tube 
of  tho  turbines  kading  into  tho  tailraoe  conduit  is  8 m long,  of 
semi-circular  cross-section  and  of  slightly  arched  bottom,  5,0  m 
vdde  and  3,75  m hi^.  Behind  each  draft  tube  is  a regulation 
ohambor  7.0  m -wide  and  13.0  m high  with  a ventilating  shaft.  Each 
of  those  regula  ting  chambers  has  1800  m®  of  partial  voltimo.  They 
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sorvo  for  dampening  of  tho  tailflow  in  tihs  river,  ihe  axes  of  tho 
turbines  aro  at  107.50  m,  ^•^4lioh  is  13.0  m undor  tho  floor  of  tho 
machine  house  and  only  1.50  m above  the  level  of  the  river  at 
elevation  106.00  m,  Iho  power  plant  is  oompletoly  underground  vrith 
a minimum  20  m of  rock  covering. 

d.  PLAVA  Dovelopmont. 


Tho  Italian  name  of  liiis  davolop- 
mont  is  PLAVA,  -the  Yugoslav  name  is  PIAVE.  It  was  built  by  tho 
Italian  Government  in  the  period  frem  1938  to  1941  and  was  taken 
over  by  Yugoslavia  in  1945.  It  is  now  operated  by  the  latter 
government.  Ihis  development  consists  of: 

(a)  AIBA  (AJBA)  %ir 

(b)  PLAVA  Power  Plant 

(2)  ApA  Weir  (Serial  No.  R-2) 

( 6asis i Raf erenoos  23  & 2fr) 

(a)  Tho  52,50  m long  weir  across  tho 
ISOWZO  River  at  AIM  consists  of  both  movable  and  fixed  parts.  It 
elevates  tho  flow  of  the  river  to  106  m,  the  normal  stage  of  the 
upper  pool.  The  utilized  storage  amounts  to  1,3  km*.’  The  v:oir 
has  5 openings,  each  8,0  m v/idej  and  4 midstream  pillars  : 2 at 
4.0  m,  1 at  3.  5 m and  1 at  1,0  m wido. 

(b)  Adjacent  to  tho  loft  bank  are  2 fix- 
ed weirs,  each  8.0  m wide,  separated  by,  a 1.0  m wido  pillar.  Their 
crest  is  at  tho  normal  pool  elevation  of  106  m. 

(c)  The  to\D  middle  openings  have  their 
sills  at  96,0  m elovatian.  Lifting  gates  with  an  automatic  flap, 
turning  on  a horizontal  axis  hinged  to  tho  main  gate,  structure, 
regulate  the  flow  between  103.5  and  106,0  m,  Tho  opening  on  iho 
ri^t  bank  has  a sill  elevation  of  94,0  m and  is  equipped  ni  th  a 
double  sluice  gate  v/hich  permits  tho  scouring  of  solid  material 
accumulated  behind  toe  weir. 

(d)  On  tho  right  bank  tho  weir  extends 
into  the  intake  structure  providing  for  the  entrance  into  the 
power  conduits.  Tho  flov/  is  diverted  through  a regulating  gate 
into  a sand  removal  channel,  prior  to  entry  into  the  pressure 
tunnel,  Tho  tunnel  is  6700  m long,  of  6,5  m diameter  circular 
cross-section,  drilled  into  rook  and  lined  lith  conoreto. 

(S)  Tho  PLAVA  Power  Plant.  The  povror  plant 
is  completely  underground  and  is  equipped  with  2 Kaplan  turbines 
each  15,000  K'iy  oapacily,  Tho  annual  output  is  90  million  KM. 
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A-05.  TAGLIAMENTO  RIVER 

(Basis : Rofarenoo  29-37,  inclusivo) 

a,  Gonoral  Dosoription» 


(1)  Tho  lA-GLIMIEMTO  River,  a torrential  stroam  of 
•fcho  FRIULIAN  PLillN,  is  170  km  long  and  has  a drainago  aroa  of  2700 
km^.  Its  soiircQ  is  at  FORITI  DI  SOPRA  nonr  LORENZAGA  and  lies  1195 
m abovo  soa  lovol, 

(2)  Iho  rivor  flows  east  in  a longitudinal  valloy 
soparating  the  CARNIAN  ALPS  of  impermeable  clay  schists  of  Paloozoio 
origin,  from  tho  FRIULIAN  PRE-ALPS  of  permeable  and  somi-pormeablo 
limestone  and  dolomitic  limestone,  sand  and  conglomerates,  intor- 
spersed  partly  by  clay.  It  has  mmiorous  tributaries  in  tliis 
stretch.  The  loft  side  tributaries  such  as  LUl^IEI,  DEGANO,  BUT, 
and  FELLA  in  tho  upper  reaches  supply  much  more  flovi  than  iho 
ri^t  side  tributaries.  In  Uiis  part  of  tho  course  originates  tlio 
torrential  character  of  the  river;  because,  in  a fairly  short  dis- 
tance is  concentrated  tae  steep  floodwator  from  tlio  higli  CARNI/UT 
ALPS  and  their  lakos.  All  these  tributarios  carry  much  limostonc 
dolomitic  detritus  vh  ich  descends  into  the  valley  of  the  main 
stream  and  forms  characteristic  cones, 

(3)  Below  tho  junction  vdth  tho  FELLA  Rivor  tho 
valloy  widens.  The  valloy  floor  is  typically  ivrinklod  as  the  re- 
sult of  Quatornian  glacier  activities.  The  bed  is  filled  vdth 
gravel  and  sediments  of  groat  varioiy  through  which  tho  s’fcroam 
works  its  way  and  partly  infiltrates  because  of  tho  pormoablo  char- 
acter of  ihe  valloy  floor.  Near  VENZONE,  there  is  a largo  morainal 
"amphitheater"  which  was  formed  across  an  old  permeable  alluvie.l 
plain,  as  the  result  of  loss  of  flovr  in  its  vicinity.  At  low 
vm.tor,  tho  bod  in  this  part  is  often  entirely  dry.  The  only  tribu- 
tary on  the  right  side,  tho  ARZINO,  supplies  the  main  part  of  tho 
surface  flow,  as  the  main  flow  infiltrates  below  its  ov/n  alluvial 
deposits,  Bioso  deposits  enlarge  tho  bod  and  also  create  groat 
water  losses. 


(4)  Below  tho  juinction  ivitl'i  tho  ARZINO,  tho 
TAGLIAMENTO  River  flows  for  65  kra  throu^  iiie  plains,  entering  tho 
ADRIATIC  SEA  through  tho  LAGUNA  DI  MRANO.  Beginning  at  CASiiRSA, 
tho  plains  are  characterized  by  their  abundant  underground  v;ator 
supply  of  unknoivn  origin. 

(5)  Numerous  small  streams  in  tho  immediate  vicin- 
ity of  tho  TAGLL'iiiENTD  join  independently  into  tho  LAGUNA  DI  lUJUiW. 
Imong  them  the  STELLA  Rivor  is  tho  most  important.  Those  streams 
are  fed  largely  by  underground  vrater  accumulated  in  this  depressed 
region,  &o  mean  flow  of  the  STELL/i  Rivor  is  50  m®/soo. 
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b.  Hydroelootric  Dovolopmonts.  Iho  major  existing  do- 
volopmont  in  iiio  J/lOLLlltlitlTO  River  basin  is  tho  LlBflEI  Dovolopmont 
consisting  of: 


(1)  LUMIEI  Dam  and  Rosorvoir 

(2)  CORTINA  DDVI^PEZZO  Powor  Plant 

0.  LUMIEI  Dam  (Serial  Wo,  R-4) 

(Basis:  Roforonoos  29  - 37,  79) 

( l)  Genoral. 

(a)  The  LUMIEI  Dam  is  looatod  on  the  LUIOEI 
River,  a loft-bank  tributary  of  the  TAOLLUIENID,  in  the  region  call- 
od  "I'tilNA  .SAURIS".  floro,  the  bed  of  the  LUMIEI  changes  from  lower 
Triassio  and  upper  Permian  strata  to  the  tou^  dolomitic  limestone 
of  the  middle  Triassio  Period.  A rocky  gorge  with  almost  vortical 
sides  \'fas  eroded  throu^  the  limostono.  The  construction  of  the 
dam  began  in  1941  and  continued  to  1943,  After  interruption  bo- 
oause  of  ihe  war,  construction  was  resumed  in  1946  and  tiio  dam  was 
completed  in  1948.  Iho  81  km'^  drainage  area  of  ■the  LUJilEI  at  tho 
dam  site  ms  increased  by  adding  to  it  tho  flow  of  tho  ALTO 
HiGLLlMEWTO.  Ihis  additional  flow  is  transferred  directly  into 
•fho  LUl/IIEI  Rosorvoir  by  a conduit.  Tho  total  drainage  area  so 
utilized  is  58  km^.  Prior  to  construction,  tho  vholo  area  of  tho 
dajn  contact  vdth  tho  rock  at  the  bottom  and  sides  of  tho  gorge  ms 
solidified:  by  deep  injections,  to  avoid  any  soopago  from  tho  ro- 
sorvoir. 


(2)  Pom  Structure.  Iho  conoroto  structure  of  the 
dam  is  of  a so-called  '^cupola*'  type,  tho  dam  being  curved  hori- 
zontally as  well  as  vertically.  (See  Figs.  II  & V on  Plato  8a  of 
this  report).  Die  "cupola"  wall  rests  on  a 15.87  m thick  founda- 
tion vhich  plugs  tho  lowest  part  of  the  gorge.  Despite  tho  favor- 
able geologic  conditions,  the  ri^t  mng  of  t3io  dam  was  imbedded 
in  tho  excavated  side  of  the  gorge  in  order  to  create  a symmetri- 
cal shape  for  the  dam,  Iho  main  part  of  tho  dam  is  of  trapezoidal 
shape  and  separated  from  tho  foundations  and  also  from  tho  sides 
by  a joint,  Tho  dam  is  constructed  of  conoroto  blocks  separated 
by  vertical  joints,  sealed  by  a special  process. 
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Portinant  dom  data  aro: 


Length  of  the  dam  at  crest 
Radius  of  the  crost 
Chord  IcngtJa 
Hei^t  of  the  structure 
Thickness  at  the  crost 
Thickness  at  the  foot 
Crost  elevation 
Maximimi  surface  elevation 
Normal  surface  elevation 
Minimum  surface  elevation 
Drainage  area 

Storage  capacity  (utilized) 
Storage  capacity  (total) 
Area  of  tho  storage  lake 


138.4  m 
78,1  m 

122,8  m 

136.4  m 
3.49  m 

13.68  m 
984, 30  m (msl) 

982.0  m (msl) 

980.0  m (msl) 

905.0  m (msl) 

81.0  km^ 

70.0  million  m^ 
72, 8 million  m^ 

164.0  hectares 


(3)  SpilLvay.  On  top  of  the  dam  is  a spill’, my 
consisting  of  5 openings  each  10  m wide.  The  overflow  crost  is  at 
980.00  m elevation.  The  spillvfay  is  capable  of  carrying  tiie  flood 
flow  of  approximately  250  m^/sec  with  a 2,0  m head  on  tho  crest. 


( 4)  Scovir  Tunnels, 

(a)  Bottom,  middle,  and  top  outlets  or  so- 
called  "scour  tunnels"  are  located  on  the  loft  side  and  provide 
for  tho  emergency  flood  flow,  (Seo  Fig.  I on  Plate  8a  of  this 
report.)  The  bottom  outlet  has  its  intake  at  elevation  886,90  m, 
tho  regulating  valve  at  elevation  886.17  m and  the  exit  at  ele- 
vation 885.17  m.  The  outlet  is  112  m long  and  has  a circular 
cross-section  of  4, 2 m diameter.  At  certain  points  it  narrov/s  to 
a rectangular  section  1.60x2,40  m.  In  this  section  aro  2 sluice 
valves:  one  for  holding  purposes  only,  rhile  the  other  can  be  ad- 
justed under  load.  In  tho  joint  between  tho  two  sections  are 
ombodded  tho  two  outlets  of  tho  air  duct  intended  to  aerate  tho 
conduit  to  prevent  cavitation,  The  capacity  of  this  outlet  is 
140  m®/ sec. 

(b)  Iho  middle  outlet  has  corresponding  ele- 
vations of  917,33,  916,65,  and  915.76  m.  It  is  similarly  provid- 
ed with  a sluice  and  has  tho  same  characteristics  as  the  bottom 
tunnel  except  -that  tho  diameter  is  3,70  m,  and  tho  length  is  99  m. 
This  outlet  has  a capacity  of  114  m^soc. 


(c)  The  top  outlet  has  corresponding  eleva- 
tions of  947.94,  947,20,  and  946,42  m,  rospoctively.  llio  diameter 
is  4,20  m and  the  rectangular  portion  measures  2.30x3.0  m.  Again, 
one  of  those  sluice  valves  is  for  holding  purposes,  while  the 
other  can  be  adjusted  under  load.  The  length  of  this  tunnel  is 
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91  m.  All  throo  outlets  oan  carry  a total  flow  of  400  m^/sec. 

(d)  IhosG  throo  scour  tunnols  havo  an  access 
•gallory  consisting  of  a shaft  3*05x5.70  m and  111  m docp  divided 
into  throo  oompar tmonts.  Ono  oompartmont  has  an  iron  staircase, 
tho  second  aooomodatos  a hoist  with  30  motrio  tons  capacity,  and 
tho  tiiird  acts  as  an  air  vont.  From  tho  bottom  of  this  shaft, 
thoro  is  on  ’underground  passago  vhich  loads  to  tho  riyor  bank  and 
a closed  passage  loads  to  the  intake  valve  chamber  from  tho  ri^t 
bank*  All  controls,  mechanism  and  apparatus  aro  arranged  in  a 
central  control  chamber  situated  at  the  top  of  tho  shaft.  (Soo 
Fig.  I'll  on  Plato  8a  of,  tliis  roport. 

(5)  Emorgoncy  Outlet.  In  addition  to  iho  scour 
tunnols,  thore  is  an  omergoncy  outlet  in  tho  diversion  tunnel  at 
ol ovation  857.16  m consisting  of., a section  of  metal  pipe  (Soo 
Fig.  IV  on  Plato  8a).  This  outlet  is  located  in  lino  Ydth  the  dam 
and  is  closed  by  a metal  oovor  vihich  can  bo  oporatod  after  tho 
mannor  of  a valve.  In  oxtremo  omorgency  tho  reservoir  can  be 
emptied  quiclrly  by  bloving  tho  covor  vath  an  explosive  chargo 
placed  in  an  appropriate  chamber. 

(6)  Power  Tunnol. 


(a)  The  povTor  tunnel  has  a capacity  of  16.4 
m^/sec.  Iho  intake  is  providod  with  a coarso  rectangular  trash- 
rack  mountod  on  a wheeled  framo  vh  ich  is  raised  and  lowered  on  a 
convex  track  by  moans  of  too  cables  and  a v.lnch.  The  trash-rack 
has  overall  dimensions  of  6x4.50  m and  is  fitted  vath  bars  25mm 
thick  and  spacod  146  mm  apart.  This  coarse  trash-rack  is  follow- 
ed by  a second  finor  scroon  fitted  vdth  bars  15  mm  thick  spacod  at 
intorvals  of  46  ram* 

(b)  At  tho  outfall  end,  tho  tunnol  loads  to  a 
fabricated  pipe  2,40  m in  diomotor  and  34,20  m long,  A butterfly 
valvo  is  situated  in  a chamber  accessible  from  outside  through  an 
undorground  passago.  This  valvo  oan  oithor  bo  romotoly  controlled 
or  operated  on  site  by  moans  of  an  oil  sorvo-motor;  it  is  also 
fittod  wiih  an  automatic  closing  dovico  (functioning  in  40  seconds 
in  'tho  event  that  an  oxoessivo  velocity  of  flow  would  dovolop)" 
Downstream  from  tho  buttorfly  valvo  is  a float  valvo  for  too  air 
into t.  Iho  chambor  containing  this  apparatus  is  9 m long  by  7.20 
m'wido  and  is  fittod  m to  a v/ator- tight  partition  so  that  tho 
apparatus  oan  bo  oporatod  in  too  ovont  of  flooding, 

(c)  The  tunnol  from  the  reservoir  is  4168  m 
long  and  has  a 2,60  m diameter*  At  4112  m from  tho  outlet  is  toe 
surge  chamber.  The  average  gradient  is  0.518  percent  but  varies 
according  to  too  soctions  for  constructional  reasons,  Iho  nature 
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of  tho  rook  to  bo  traversed  was  in  parts  unfavorable  for  a tunnel 
subjected  to  strong  prossuroi  The  strata  traversed  included  a 
massive  Triassic  limestone  and  a short  length  (about  10  m)  of 
exceptionally  hard  green  siliceous  sandstone  and  a nodular  lime-, 
stone  of  varying  characteristics.  Finally,  "''’orfen"  sands  were 
intorsootod  m 'th  grey  lijnostona  and  longtlis  of  decayed  Permian 
dolomite.  It  v/as  tlaus  necessary  to  use  different  forms  of  lining 
for  tho  various  sections,  ^boro  Ihe  rock  was  strong,  a simple 
concrete  lining  was  inserted;  in  the  vroakor  sections,  rings  of 
gunito  in  one  or  more  layers  reinforced  with  stool  rings  vraro  used. 
Those  rings  wore  of  varying  diameters  and  thicknesses  and  wore 
used  in  conjunction  .Tvith  a moshwork  of  stool  reinforcement.  Thoro 
tho  rock  was  reasonably  strong,  tho  metal  netting  vias  used  in  tho 
concrete  vathout  the  steel  rings. 

(7)  Surge  Chamber.  Ihis  consists  of-a  vortical 
shaft  4.00  m in.  diameter  and  having  two  expansion  chambers:  tho 
louver  of  which  is  of  circular  socti~on,  2.60  m in  diameter  and 
122,85  m long;  tho  other,  higher  up,  is  of  polyoontric  section 
and  measures  6.50  by  7.65  m by  25  m long.  Iho  natxtro  of  tho  rook 
was  ra-thor  poor  and  abundant  transverse  roinforcoment  vjas  noocs- 
saryj  together  mth  oonsido^’ablo  longitudinal  roinf  or  cement  to 
form  bridges  of  solid  support  botween  one  point  and  another. 


d.  COR  TIM  D>/iMFEZZ0  Power  Plant. 

(1)  An  open-air  steel  pipeline  runs  to  elevation 
646  m,  at  vhich  point  it  passes  into  a vortical  shaft  100.96  m in 
doptii,  excavated  in  the  rock' until  it  ccnnocts  lith  a section  at 
45°  loading  to  the  throo-branchod  distributor.  The  pipe  is  of 
welded  shoot  stool  m th  rivotod  joints  and  was  tested  up  to  a 
pressu.ro  of  24.5  atmospheres.  Tho  total  length,  including  -the 
distributor,  is  766  m. 

(2)  The  povrer  station  is  oxcaTratod  in  tho  interior 
of  tho  mountain  near  AJiPBZZO  CARWICO,  from  vhich  point  it  can  bo 
reached  by  a road  1.5  kra  long,  built  for  tho  purpose.  Tho  power 
plant  capoity  as  installed  totals  58,500  10"',  divided  into  three 
19,500  Kl'V  units.  Each  unit  consists  of  a horizontal  shaft  al- 
ternator mounfod  betvYoon  two  Polton  wheels.  Tho  generated  volt- 
age is  10,000  volts.  In  the  basement  is  a repair  shop,  a room 
containing  the  sv/itchgoaij  and  a storeroom;  tho  transformer  cubi- 
cles are  in  the  open.  Throe  transformers,  each  rated  at  26,000 
KVA,  step  up  the  generated  voltage  to  135  KV  for  overhead  trans- 
mission. 


(3)  . The  machine  room  is  51.55  m long  and  12  m 
wide,  excluding  1h.o  walls,  Althou^  the  rock  docs  not  exert 
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pressure  through  swelling,  -thoro  are  planes  of  fracture  and  slick- 
sidod  surfacQS  vfhich  give  rise  to  prossuros  vrhich  wero  sufficient 
to  make  the  constructional  -"lurk  difficult.  The  poor  conditions 
in  ttiG  rock  mass  necessitated  a concrete  pillar  structure  mth  re- 
inforced buttresses  and  intermediate  relieving  arches.  To  oonnoct 
the  reinforced  pilasters  vAth  tho  vault,  ■^hich  had  already  boon 
orooted,  deep  incisions  v/ore  mado  in  tiio  rook  vralls  of  tho  vault 
to  accomodate  tiaoso  extensions  of  tho  pillar  roinforcomont. 

(4)  Tho  discharge  channel  is  234  m long,  3,50  m 
in  diameter  and  of  roughly  circular  section,  ’jifhoro  it  enters  tho 
LlUviIEI  River,  tho  channel  can  ho  closed  by  a sluice  thich  has  the 
double  purpose  of  permitting  iiio  discharge  of  the  viator  from  the 
proposed  plant  at  YlLLk.  SAMTIWA,  and  of  preventing  water  from 
flomng  into  tho  basement  of  tho  powor  station  in  tho  event  of 
oxcoptional  floods. 

(5)  Tho  shafts  of  tho  Felton  turbines  are  situat- 
ed at  elevation  502.825  mj  therefore,  the  gross  head  varies  from 
a raaxim\am  of  477  to  a minimimi  of  402  m,  tho  average  head  being 
about  450  m. 


(6)  At  present,  tho  annual  output  of  tho  station 
can  be  assessed  at  90  million  KIVH  of  -vtiich  85  million  are  generat- 
ed in  the  winter  period  from  1 December  to  31  March,  ’■'/ith  tho 
Ux^PER  IfiGLIAMENTO  flow  included,  and  assuming  tho  same  hydrologic 
conditions,  production  is  expected  to  increase  to  160  million 
of  vhich  105  million  will  bo  gonoratod  in  the  winter  season.  Iho 
load  factor  of  tho  powor  station  is  0.31.  kith  the  throe  units 
of  26,000  lO.'A  installed  at  tho  powor  station  (total  78,000  KVA) 
capable  of  passing  up  to  5.5  mvsoc  (making  a total  of  16.5  mvsoc)* 
the  present  viinter  production  can  be  concentrated  into  less  than 
1500  hours. 

A-06.  PIAVE  RIVER. 

a.  General ' Description  ( Basis i Reference  75) 

(1)  The  PIAVE  River  ranks  fifth  among  the  Italian 
rivers.  It  is  220  km  long  and  has  a drainage  area  of  4100  km  . 

Its  important  tributaries  are  the  AWSIEI,  BOITE,  MA.E,  and 
CORDEVOLE  UGARDINO).  The  PIAVE  is  navigable  for  approximately 
34  km  upstream  from  CORTBiiLAZZO. 

(2)  The  PIAVE  River  originates  in  the  DOLOMITES 
at  MONTE  PERALBA  (2683  m elevation).  In  the  upper  part,  its 
drainage  area  is  very  narrow  but  enlarges  vhen  it  enters  the 
VALLEY  OF  BELLDNO.  Numerous  alluvions  are  found  there.  At 
QUERO,  the  valley  contracts;  during  the  glacier  invasions  a 
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morainal  "amphitheater"  was  formed  here.  The  MONTBLLA  alluvial 
cone  of  Pliocenio  origin  marks  the  end  of  the  Alpine  region.  Be- 
ginning therei  the  PIAVE  enters  the  VENETIAN  PLAINS  through  74^ich 
it  flov;s  as  far  as  PONTE  DI  PIAVE.  From  there  it  follows  a strai^t 
canal  leading  to  -the  junotion  with  the  ADRIATIC  SEA  at  CORTBLLAZZO. 

(3)  At  PEDEROBBA  the  river  is  1000  m wide.  At 
FALZE,  northeast  from  MONTELLO#  the  width  is  250  m;  hovrever,  at 
the  exit  of  NERVESA  it  is  600-880  m,  and  near  CIMADOIl'IO  is  4000  m, 

(4)  Beginning  at  CIMADOUilO,  tlio  PIAVE  is  divided 
into  numerous  hranohes  which  form  numerous  so-called  "grave," 
largo  gravel  areas  mth  layers  of  coarse  sedimentary  materials  and 
sand,  as  well  as  hrush-covered  islands.  The  mouth  of  the  PIAVE  is 
markod  by  dunes  built  up  by  wave  action. 

(5)  Due  to  the  lack  of  forests  and  natural  lakes  in 
the  upper  part  of  the  drainage  area,  the  flow  of  the  PIAVE  is  ex- 
tremely variable.  The  discharge' during  the  flood  period  amounts  to 
100  times  the  low  "yra-ter  flow.  Hie  flood  water  also  enlarges  the 
bed  of  the  river.  Ihis  often  results  in  a total  displacement  of 
tile  main  bod  and  also  causes  sediment  to  accumulate  along  the 
river  courso» 


(6)  Precipitation  over  the  drainage  area  averages 
1500  mm  per  year.  This  figure  is  not  directly  reflected  in  tJie 
river  flow  because  snow  comprises  most  of  the  precipitation  in  tlio 
upper  reaches  and  because  of  variation  in  the  runoff  coefficient. 

In  this  respect,  the  PIAVE  regime  is  similar  to  the  other  Alpine 
rivers  of  VENEZIA.  Low  Vfater  occurs  in  tio  middle  of  mnter  folloViT- 
ed  by  flood  water  in  May  or  Juno;  stages  drop  in  August  and  Sept- 
ember and  often  rise  to  flood  stage  in  October  or  November  depend- 
ing upon  the  amount  of  rainfall. 


(7)  At  BELLUNO  the  minimum  discharge  is  40  m^/soc, 
high  water  flow  is  300  m^/soc.  However,  2500  m / sec  wore  carried 
during  ihe  catastrophic  flood  in  Septomber-October  1882  , The  moan 
yoarly  discharge  is  120-130  mV^oc.  These  figures  are  subject  to 
adjustment  duo  to  tiiG  influence  of  recently  constructed  hydraulic 
structures.  The  weir  at  SOVERZENB  now  withdravjs  40  m^/sec  into 
the  LAGO  S.  CROCE  and  the  LIVENZA  River  development.  Irrigation 
of  approximately  50,000  hectares  is  afforded  mainly  by  the  BREN- 
TELLA  and  VITTORIO  Canals,  These  Vidihdraw  46  and  26  m^/sec  re- 
spectively for  irrigation  purposes. 


b,  "Hydraulic  Developments.- 

(Basis : References  2,  22,  23,  35,  37-46,  55,  76-82) 


The  principal  hydraulic  developments  on  tlie  PIAVE 
River  and  its  tributaries  can  be  divided  into  the  following  major 
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groups,  according  to  ihe  utilization  of  flov/  for  pov/or  production, 
flood  protoction  or  regulation,  and  irrigation  or  drainage: 

(1)  PIAVE-ANSIEI  Development 

(2)  PIAVE-BOITE-VAJONT-SOVERZENE  Dovelopmont 

(3)  MIDDLE  and  LO’''ER  PIAVB  Dovolopmont 

(4)  BOITE  Rivor  Development 

(5)  CORDETVOLB  River  Dovelopmont 

(6)  LIVENZA-PIAVE  Development 

0.  PIAVE-ANSIEI  Development.  (Basis!  References  28,39-42) 

(1)  General.  This  development  was  one  of  the  first 
projects.  It  was  built  in  1926-31  and  utilizes  the  flow  of  -tlie 
upper  PIAVE  River  and  its  tributary,  the  ANSIEI  River.  It  consists 
of  tViO  dams,  S.  CATERIK/i.  Dam  and  COMELICO  Dam  and  power  plant  lo- 
cated at  PELOS,  Ihe  dams  are  respootively  designated  as  Serial 
Nos.  R-9  and  R-10  on  Plate  1 and  in  Table  4 of  this  report. 

(2)  S.  CATERINA  Dam.  (Serial  No.  R-9) 

(Basis:  References  28,  39-41) 


(a)  S.  CATERINA  Dam  is  located  on  the  ANSIEI 

River.  It  was  constructed  durirg  the  period  1930-31  and  is  a 
gravity- type  concrete  dam.  Pertinent  features  are  as  follows: 


Drainage  area 

Length  of  dam  at  the  crest 
Height  of  the  structure 
Crest  elevation 
Maximimi  stage  elevation 
Minimum  stage  elevation 
Minimum  storage  capacity 
Area  of  tho  storage  lake 


205  km^ 

185m 

53m 

833m  above  msl 
830m  above  msl 
806m  above  msl 
6, 7 million  m^ 
50  hectares 


(b)  The  flood  water  roloaso  is  regulated  by 
2 spillv/ays  on  the  top  of  tho  dam,  each  consisting  of  3 siphons. 
Each  siphon  is  3.20  m wide  ( soo  Ref.  41,  Fig,  4).  Tho  siphon  sills 
are  at  elevation  830.0  m,  830,1  m,  and  830.2  m v/ith  corresponding 
heists  of  2.0  m,  1.9  m,  and  1,8  m.  Ihe  capacity  of  tho  spillTfay 
is  300  mV  Sec.  Tho  bottom  outlet  conduit  has  its  intake  on  the 
right  bank.  Its  capacity  is  100  m^/sec.  It  is  equipped  witli  2 
gates,  3,5x4. 0 mj  one  of  theso  gates  is  at  iho  upper  pool  entrance, 
the  second  is  on  the  ANSIEI  oxit  of  the  conduit.  Ihe  gates  are 
constructed  so  as  to  resist  hie  pressure  created  by  35  m head  a- 
bovG  tho  sill.  Ihe  operating  mechanism  is  located  37  m abovo  tho 
sill  opening.  On  tho  loft  bank  of  Iho  upper  pool  at  elevation 
801.25  m,  is  tho  entrance  into  ihe  power  conduit.  Tho  intake  is 
regulated  by  2 valves  located  in  the  valve  chamber.  This  conduit 
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is  of  2»50  m diamgtor  and  joins  tho  pov/or  Conduit  loading  from 
tliG  COMELICO  Dam  aftor  crossing  tho  PIAVE  valloy  on  a stool  bridge 
of  37  m span.  For  a distanoo  of  111  m at  that  plaoo^  the  conduit 
crosses  tho  PIAVE  valley  in  2 pipos  oaoh  of  1.66  in  diamotor.  Hie 
static  prossuro  in  this  conduit  is  35  m ( soo  Rof.  41,  Figs.  3b, 

4 & 20). 

(3)  COMELICO  Dam.  (Serial  Wo.  R-IO) 

( Bas is : Ro  for  one  o s 28,  39-42) 

(a)  Gonoral*  COMELICO  Dam  on  tho  upper  PIAVE 
Rivor  is  a oonoroto  arch  dam.  Tt  ms  construotod  during  tho  por*. 
iod  1930-31.  Tho  dimensional  data  of  this  dan  are  as  follows t 


Drdinago  area 

400  km^ 

Length  of  the  dam  at  crest 

113  m 

Height  of  the  structure 

66, 50  m 

Height  above  floor  of  valloy 

44,50  m 

Crest  elevation 

832.50  m 

Maximum  stage  elevation 

831, 50  m 

Minimum  stage  elevation 

806.50  m 

Thickness  of  mil  at  crest 

1,50  m 

Thickness  of  mil  at  foun- 

8,65 m 

dation  lovol 

Storage  capacity 

2,07  million  m' 

Area  of  storage  lako  13  hoctaros 

(b)  Dam  Structure.  Iho  maximum  length  of  the 
circular  crest  of  the  dam  is  47.10  m corresponding  to  136  dogrees, 
Tho  curvature  of  the  arch  changes  v/ith  elevation  (see  Ref.  42, 
Figs.  7 & 9).  The  flood  v/ater  outlets  are  construotod  for  800  cm^ 
capacity,  which  correspond  to  approximately  2 m^/sec  por  km^  of 
drainage  area. 


(c)  Spillv/ay.  The  spillmys  are  arranged  in 
2 groups  : the  first  group  has  8 ''chalice- shaped" , elliptical  open- 
ings 6x3  m at  6 m distance  from  each  other,  Tho  elliptical  over- 
flow at  830  m elevation  is  16  m long  for  each  individual  opgning. 
The  flow  capacity  of  this  first  group  of  spillmys  is  390  mVsoc 
at  1.5  m head.  Those  spillmy  openings  connect  at  the  lower  end 

with  tho  bottom  outlet  conduit  (soo  Ref.  42,  Figs,  13  & 14),  Tho 

second  spillway  is  located  nearer  to  tho  dam  and  has  4 openings. 
Throe  of  them  are  identical  with  those  of  the  first  spillv;ay  and 
are  at  elevation  830,2  m.  The  fourth  is  of  rectangular  shape  and 
servos  as  a middle  outlet  conduit  for  the  dam  at  elevation  820  m. 
The  3 openings  of  the  second  group  of  spillways  carry  160  m^/soc 
at  1.3  m head.  All  of  these  spillvjay  outlets  are  ventilated  in 

order  to  avoid  adverse  pressures.  Tho  bottom  outlet  has  its  in- 

take at  elevation  795,50  m and  is  12,50  m^  in  cross-sectional  area* 
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Tho  portion  in  tho  uppor  pool  is  51,40  m long.  Flow  is  rogulatod 
by  a 3,5x4  m gate  from  a central  towor  37.90  m high  ( soo  Rof.  42, 
Fig,  15),  Tho  cross-Boc'bion  of  Iho  control  tower  shaft  measures 
3, 88x3, 50  m. 


(d)  Outlets,  Tho  tailwator  part  of  tho  bottom 
outlet  has  a horsoshoo-shapcd  cross-soction,  6 ra  wido  and  6 m high 
vath  30  m^  area  and  258  ra  longth.  Hie  flow  capacity  of  tho  bottom 
outlet  is  100  m^/soc.  Tho  middle  outlet  conduit  is  combinod  with 
tho  second  group  of  spillways,  as  already  montionod.  At  olovation 
820  m,  it  is  equipped  vath  a 3,5x6  m gate.  This  outlet  has  150 
m^/soc  flow  capacity,  A summary  of  maximum  outlet  capacitios 


f ollo-ws : 

First  group  of  spillways 

390  m^/soo 

Second  group  of  spill-ivays 

160 

Bottom  outlet 

100 

Middle  outlet 

150 

800 

(e)  Pross-uro  Conduit, 

The  ontranco  to  the. 

pressure  conduit  is  locp-ted  on  tho  loft  bank  of  the  upper  pool. 

Eio  conduit  is  of  circulaz’  cross-soction  2,90  m in  diameter,  ro- 
inforood  by  a 0,25-0.30  m -thick  ooncroto  lining  for  518  m (see 
Ref.  20,  Figs.  1,  -2.,  4 5:,  16),  The  valvo  chambor,  located  58  m 
from  die  in-boko,  has  2 regulating  val-v;os  each  1,60  m diamotcr  to 
regula-be  -die  flow  in-to  -the  river.  After  joining  -die  power  conduit 
from  the  ANSIEI-S,  CATERINA  DjAM,  -the  diameter  of  the  conduit  is 
3,60  m,  Tho  junction  of  -these  2 conduits  is  located  at  such  an 
el-cvation  as  to  croato  equal  pressures  in  -the  sections  leading 
from  -the  COMELICO  as  well  as  from  -the  S.  CATERINA  DAM.  The  maxi- 
mum discharge  from  S.  CATERINA  DAM  is  18  m^/sec,  from  COt'IELICO  DM'I 
16  m^/sec,  totaling  34  m^/seo.  The  total  leng-th  of  tho  3,9  ra 
diameter  conduit  -bo  -the  power  plant  at  PELOS  is  4,792,75  m, 

(4)  PELOS  Power  Plant,  (Basis:  Roforenoes  41  & 42) 
The  Utilized  floYr  in  -the  povjor  plant  is  34  m^/soc  at  tho  mean 
hydraulic  head  of  120  m,  Tho  pov/or  conduit  bringing  the  flov/  from 
tho  COMELICO  and  S.  CATERINA  storage  reservoirs  ends  in  a surge 
chambor  vdth  piezomotric  shafts  permitting  oscillation  up  to  840  m 
elevation.  T'/fo  penstocks  of  2,30  m diomotor  carry  tho  flow  to  3 
groups  of  -burbo-altornators,  each  21,000  lO/A  capaoi-ty.  The  -tur- 
binos  aro  located  at  elevation  683,5  m.  Annual  production  of  -the 
plant  is  140  million  KH. 

d,  PLWE-BOITE-YAJONT  Development, 

(Basis;  Roforoncos  29,  35-39,  43-46,  76,  78,  82) 

( 1)  Goneral. 
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(a)  Ihis  development  consists  of  the  follovi- 

ing  major  elements: 

1.  PIBVB  DI  CADORE  DAM  and  Reservoir 
(Serial  No.  R~ll) 

_2.  VAJONT  DAM  (Proposed) 

GALLINA  DAM  and  Reservoir  (Serial 
Wo.  R-13) 

4.  SOVERZEWB  TOIR  and  Power  Plant 
(Serial  Wo.  R-14) 

VALLE  DI  CADORE  DAM  and  Reservoir 
(Serial  Wo.  R-12) 

_6.  PEEIAROLO  Power  Plant 

(b)  This  vast  hydraulic  project  was  started 
shortly  before  the  V'/ar  as  part  of  the  electrification  p- ogram  of 
Italy  for  war  purposes.  However^  the  major  part  has  been  con- 
structed since  1946  and  partly  placed  in  operation  in  1949.  Since 
than,  the  project  is  still  under  construction  and  further  develop- 
ment. It  comprises  the  development  of  tie  PI/iVE  River  betiveen 
PELOS  power  plant  at  elevation  683.5  m and  the  PIAVE-S.  CROCE 
Development  i/diich  utilizes  tie  flow  beginning  at  elevation  590.0  m» 

(2)  PIEVE  DI  CADORE  Dam,  (Serial  No.  R-ll) 

(Basiss  References  29,  35,  37,  39,  43,  46,  80) 


(a)  General.  Iho  PIEVE  DI  CADCRE  Dam  ms 
constructed  during  tie  period  1947-50.  After  extensive  studios 
and  geologic  investigations,  tho  location  of  the  dam  ivas  selected 
at  PI/iW  DELLE  ERE,  below  PIEVE  DI  CADORE.  Iho  dam  site  is  located 
in  dolomite  limestone  of  the  upper  Triassio  period.  The  cross- 
section  is  trapezoidal,  with  55  m height  in  tho  middle,  and  300  m 
Td-do  base#  At  tho  right  side  of  this  valley  tie  PIAVE  River  erod- 
ed a very  narrow  gorge  of  55  m depth  with  considerable  convexity 
toward  the  valley  axis.  The  hi^ly  unsymmetric  shape  of  this 
cross-section  created  a special  problem  in  shaping  tho  structure 
(seo  Ref.  44,  Figs.  12,  13,  15,  16  & 17,  or  Figs.  I-III  on  Plate 
8b  of  this  report).  The  dimensional  data  of  this  gravity  arch 
dam  are  as  follov/s: 


Length  of  dam  at  crest 
Maximum  height  of  structure 
Crest  elevation 
Maximum  stage  elevation 
Minimum  stage  elevation 
Storage  capacity 
Area  of  tho  storage  lake 


410  m 
112  m 

685,00  (msL) 
683.5  (nsl) 
625.50  (msl) 

64,3  million  ra^ 
58  hectares 
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(b)  3pillmys»  It  is  ostimatod  that  tho  flood 
flow  may  roach  1200  m'^/seo.  For  this  flow  tbo  dam  is  oquippod 
mth  a spillvfliy  of  700  m^/soo  capacity  I'iiioh  may  bo  closod  by 
2 gatos  each  9x6*9  m.  Iho  outlet  gallery  has  a horseshoe  shape 
7 m wido  and  140  m long  lined  mth  conoroto.  The  gallery  ends  in 
an  open  conoroto  canal  chute  180  m long  and  up  to  23  percent  grad 
iont. 


(c)  Outlets*  Besides  tho  spillway,  tho  dam  is  o- 
quippod  with  a bottom  outlet  at  olovation  588*47  m and  a middle 
outlet  at  elevation  613.50  m.  (see  Plato  8b  of  this  report)  At 
full  head,  those  2 outlets  carry  500  m^/soc. 

(d)  Power  Conduit*  The  intake  structure  for  tlio 
power  conduit  is  at  elevation  619.78.  The  power  conduit  consists 
of  2 concrete-lined  circular  galleries  each  3.5  m in  diameter. 
They  end  in  2 control  chambers  which  are  accossiblo  from  a plat- 
form at  636.00  m by  moans  of  a shaft*  Tho  regulation  of  ihe 
power  flovr  is  by  a sluice  gate  and  butterfly  valves.  Below  tho 
valve  chambers,  the  conduits  join  a single  prossviro  conduit  4. 5 m 
in  diameter.  This  conduit  is  18.8  km  long  and  ends  at  tho  junc- 
tion TVith  the  poTvor  conduit  from  the  proposod  VAJONT  Dam.  It 
changes  its  diameter  from  4.5  to  4.7  m and  continues  for  a dis- 
tance of  5.8  Ion  until  it  roaches  a second  junction  v/ith  a conduit 
already  in  operation  leading  from  tho  VAL  GALLIWA  Dam  (^orial 

No.  R-13). 


(S)  VAJONT  Pom.  (Basis:  Reference  76  & 79)  This  dam 
is  still  in  a proposod  stage,  although  start  of  construction  is 
planned  for  "the  very  near  future*  It  is  located  near  LONGARONE 
on  tho  VAJON  River,  a tributary  of  tho  PLWE.  Tho  project  pro- 
vides for  a concrete  arch  dam  over  200  m high  to  form  a reservoir 
of  58*2  million  ra^  storage  capacity.  The  pressure  conduit  from 
tho  PIEVE  DI  CADORE  Dam  of  4.5  m diameter,  already  in  operation, 
vail  bo  joined  by  the  pressure  conduit  from  tho  proposod  VAJONT 
storage  reservoir. 

(4)  VAL  GALLINa  Dam*  (Serial  No.  R-13) 

(Basis:  Roforencos  29,  35,  37,  39,  43,  45,  & 78) 

(a)  Dam  Struoturo*  VAL  GALLINA  Dorn  is  a "cupola” 
•typo  conorbto  dam  wiHi  an  unusual  shape  necessitated  by  tho  char- 
acteristics of  tho  GALLINA  River  valley  at  tho  dam  site  (see  Figs 
21,  24. & 25  of  Ref.  45) j particularly  to  bo  mentioned  is  -tho  hori 
zontal  curvature  of  the  dam  and  its  vory  slim  and  curved  form  in 
tho  vortical  cross-section,  Tho  dimensional  data  of  tho  dam  are 
as  follows; 
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Length  of  dam  at  crest 
Height  of  struoturo 
Maximum  stage  elevation 
Minimum  stage  elevation 
Crest  elevation 
Storage  capacity  of  reservoir 
Area  of  storage  lake 


240  m 
92  m 

677  m above  msl 
607  m above  msl 
679  m abovo  msl 
5.9  million  m^ 
20  hectares 


(b)  Spill^-vay  and  Outlets,  The  flood  mter 
is  discharged  over  the  spillmy  through  7 openings  in  tho  centor 
of  the  dam  crest,  A bottom  outlet  serves  for  emptying  of  tho  dam 
in  emergencies.  In  order  to  bring  the  power  flow  from  the  PIBVE 
DI  CADORE  storage  reservoir  (Serial  Wo,  R-ll)  and  in  the  future 
from  tho  proposed  VAJOWT  reservoir,  one  branch  of  3,5  m diameter 
crosses  the  GALLINA  valley  on  a bridge  and  joins  tho  pressure 
conduits  of  GALLINA  Dam  below  tho  intake.  There  are  tvro  pressure 
conduits  each  of  5,0  m diameter  and  2550  m length  leading  from 
GALLINil  storage  reservoir  to  tho  power  plant  at  SOVERZBWS. 


(5)  SOVERZEWE  Pov/or  Plant,  (Roforenco  46) 


Two  pressure  conduits  of  5 m diameter  each 
carry  tho  power  flovr  from  tho  existing  PIEVE  DI  CADORE  and  VAL 
GALLINA  storage  reservoirs  and  from  tho  proposed  VAJOWT  reservoir 
to  food  tho  SOVERZEWE  power  plant  located  at  elevation  390,00  m, 
Tho  special  conduits  load  first  into  a surge  chamber  ri  th  4 pio- 
zomotric  shafts  each  4, 5 m in  diameter  and  vdth  expansion  space 
permitting  tho  accumulation  of  tho  flow  up  to  elevation  705,15  m 
before  entering  tho  penstock,  Tho  penstock  has  4 pipes  of  2,60  m 
diameter  and  135  m length  built  of  pro-stressed  reinforced  con- 
crete, The  power  flow  is  conducted  to  4 groups  of  povier  gonorat- 
ing  units  consisting  of  vortical 'Francis  turbines  of  55,000  IClf 
capacity  and  an  alternator  of  60,000  KVA  capacity  generating 
10,000  volts,  Tho  total  installed  capacity  is  140,000  KVA  and 
the  estimated  annual  output  is  650,000  Tho  discharge  con- 

duit from  tlio  poiwor  plant  is  6,4  m in  diameter  and  950  ra  long* 
This  carries  tho  tailv/ater  directly  into  a canal  (PIAVE-S.  CROCE) 
loading  to  S.  CROCE  Lake  to  bo  fUrthor  exploited  for  povror  gon- 
orati on. 


(6)  VALLE  DI  CADORE  Dam  (Serial  Wo.  R-12) 

(Basis:  Roforoncos  35,  37,  39,  43,  45  & 76) 

(a)  General.  This  dam  developed  on  tiio 
BOITE  River,  a tributary  ofMhFTlAVE,  is  also  a "cupola"  dam  or, 
as  it  is  sometimes  referred  to,  a "double  arched"  dam.  It  vitxs 
built  during  tho  period  1949-50.  Its  major  dimonsicnal  data  aro; 
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Langth  of  dam  at  crost 
Hoigh^t  of  structure 
Croat  of  dam  olevation 
Maximum  stago  olevation 
Normal  stago  olevation. 
Storage  capacity 
Area  of  s borage  lake 


38 

62 

710.75 

710.50 

706. 50 
5.6 

25 


m 

m 

m above  mal 
m above  msl 
m above  msl 
million  m^ 
hectares 


(b)  Spillways  and  Outlets.  Tvvo  spillways  pass 
flood  water:  the  first  is  located  in  the  middle  of  the  dam  crest 
with  a 16x4  m opening;  the  second  is  located  on  tho  left  bank 
vdth  a 8x13.5  m opening  ■''dth  a chuto  loading  to  the  tailwator  of 
tlio  river.  Hie  bottom  outlet  is  at  elovation  654.5  m;  tho  power 
conduit  is  2.8  m in  diameter  and  4485  m long  loading  into  tho 
surge  tank  of  tho  power  plant  at  PERilROLO.  This  power  conduit 
crosses  tlio  PIAVE  valloy  on  a bridge  of  48  m span  to  reach  the 
power  plant  located  on  Iho  loft  bank  of  tho  PL-i.VE  River. 


(7)  PEEl/iROLO  Pov/or  Plant.  This  plant  is  located 
on  tho  left  bank  of  the  RiAVE  River  at  its  junction  wiili  the 
BOITS  River.  It  was  dovolopod  first  as  a provisional  plant  for 
partial  utilization  of  flow  from  PIEVE  DI  CADORE  Dam  (Serial  No. 
R-ll)  during  its  construotim  period  up  to  1948.  Sincco  then,  it 
utilizes  tho  pov/or  flow  from  ViiLLE  DI  CADORE  Dam  (Serial  No.  P.-' 
12).  Its  future  role  will  bo  docidod  mthin  iho  general  frame- 
work of  ‘the  MIDDLE  PLWE  povfor  development  program.  The  plant  is 
equipped  vri-th  one  turbo-alternator  unit  of  21,000  KVA. 


0.  MIDDLE  AND  LOV.’ER  PlilVE  Development. 
(Basis;  Roforoncos  2 & 66) 


(l)  General.  Tho  development  of  iho  MIDDLE  and 
L0'‘ ER  PLWE  consists  predominantly  of  irrigation  canals  and  perti- 
nent structures  combined  v/ith  pov/or  generation.  Lie  tvo  leading 
canals  are  the  BRENTELLE  DI  PEDEROBBA  and  tho  DELLE  VITTORIE. 


(2)  BRENTELLE  DI  PEDEROBBA  Canal.  At  PONTE  DI 
FEIIER,  a movable  weir  across  iho  PIEVE  River  dams  the  flov/  to  a 
level  permitting  entry  of  ivator  into  tho  intake  of  an  irrigation 
canal  on  the  right  bank.  Tho  weir  is  equipped  v/ith  automatic 
segment  gates  permitting  rapid  discharge  of  flood-mtor.  Bio 
intake  structure  is  equipped  lith  a settling  plant  for  clearing 
tho  canal  flow  of  undosirablo  solids.  Tho  flow  capacity  of  iho 
canal  is  46  m^/soc,  of  which  14  m^/sec  are  returned  to  ihe  PLWE 
Rivor  ihrough  power  plants  at  PEDEROBBA,  RUGE  DE  GaLLO, 
CASTELVIERO,.  and  PONTE  DI  PRIULl.  Bio  total  area  irrigated  by 
iiiis  canal  is  44,000  hectares.  The  secondary  canals  fod  from 
tho  main  lino  are  ASOLO  M/ISER,  BRENTBLLA  DI  BOSCO,  and  BRENTELLl 
DI  CAI^INO.  Localities  subject  to  irrigation  are:  CROCETTA  DEL 
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MOWmLO,  MONTEBELLUNA,  MSER  ASOLO,  CASTELFR/iNCO,  VENETO,  RIESE> 
ALTIVOLE,  VEDELAGO,  TRE\?'IGNAWO,  and  VOLPAGO  DEL  MONTELLO. 

(3)  DELLE  VITTORIE  Canal,  At  NBRVESA  DBLLE 
BATTAGLIA,  tho  woir  across  tho  PIAVE  Rivor  croatos  a pool  pro- 
vided vdih  a sluioo  on  the  right  bank  carrying  tho  flow  into  tho 
irrigation  canal.  A settling  basin  in  front  of  tho  canal  en- 
trance provides  for  removal  of  solid  material  from  tho  flow.  Tho 
flow  capacity  of  this  canal  is  19  mvsoc;  part  of  it  is  restored 
and  utilized  for  po^var  generation  at  tho  powor  plant  at 
CAS  TELLE  TO.  The  secondary  canals  aro  : DELLE  PRIULIii., 

PLlVESELLil,  and  DI  PONENTE.  Tho  area  irrigated  by  -this  system  is 

26,000  hectares.  Tho  irrigated  localities  aro  • ARCADE,  BREDA  DI 
PLTVE,  C/iRBONER/i.,  ISTR.1M,  MSERiiDA,  MELM^l,  MORGAEO,  NERVESA 
BEUA  RlTTAGLHi.,  PAESE,  POMZAMO  VENETO,  POVEGLLIMO,  QUINTO  DI 
.TREVISO,  SPRESL-INO,  S.  BMGIO  DI  CALL/iLTYi,  TREVIGNANO,  TREVISO, 
ViLLORBA,  and  VOLPAGO  DEL  MONTELLO. 

f,  BOITE  RIVER  Development.  (Basis;  Referencos  46&77) 

Since  1948,  the  powor  plant  at  CM'IPO  DI  SOTTO  has 
boon  in  operation  as  a first  stop  in  tho  hydroelectric  power 
development  of  tho  upper  part  of  tho  BOITE  Rivor.  Tho  entire 
dovolopraent,  which  is  still  partly  in  planning  and  construction 
stages,  includes  the  powor  plants  at  S.  UBERTO,  VODO  and  VENAS 
with  2 storage  reservoirs  at  CidlPOCROCE  (4.8  million  m*  near 
D’iJ4PEZZ0)  and  at  PODESLiGNO  (58.9  million  m*  near  FOivIPAGAGNON). 

g,  CORDEVOLE  Dovoloproont.  (Basis:  Roforoncos  23  & 77) 

(l)  This  dovelopmont  consists  of  3 povror  plants  utili- 
zing tho  storage  reservoir  of  LiIGO  DI  ALLEGHE  (Serial  No.  R— 16). 
This  rosorvoir  ivas  dovclopod  during  tho  period  1938-42  by  con- 
struction of  a small  dam  across  tho  CORDEVOLE  Rivor.  Its  storage 
capacity  is  3.4  million  m^j  tho  elevation  is  968  m at  maximimi 
pool  and  960  m at  rainiraurai  Follovdng  aro  tho  3 povior  plants: 

(a)  CENCENIGHE:  in  operation  since  1939, 

30,000  KVA  capacity,  utilizing  also 

tho  floViT  of  the  BIOIS  and  LIEEbi.  SPRINGS. 

(b)  . AGORDO;  in  operation  sinoo  1940, 

30.000  KVA  capacity,  also  utilizing 
tho  flow  of  tho  CARPASSA. 

(c)  STilNGA:  in  operation  sinoo  1943, 

35.000  D7A  capacity,  utilizing  tho 
flow  of  tho  SARZANA,  ROVA,  BORDINA, 

MISSIfvGA,  CLUSA,  VESLOVIA. 
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(2)  Under  fconotruotion  are  2 dams  near  FEDAIA  lAKE  on  the 
AVISIO  River  creating  a storage  Reservoir  of  16  million  This  storage 
vd.ll  be  redirected  to  be  utilized  for  power  at  CENCENIGHE  power  plant. 


h.  LIVENZA^PIAVE  Development. 

(Basis:  References  28.  38*  39,  43,  46  & 76) 

The  weir  across  the  PIAVE  River  at  SOVERZENE  (Serial  No. 
R-14)  directs  the  flow  into  an  open  canal  leading  into  S.  CROCE  LAKE 
(Serial  No.  R-6).  The  tailwater  from  SOVERZENE  power  plant,  amounting 
to  84  m^/Beo  is  also  directed  into  this  canal  to  contribute  to  power 
generation  in  the  LIVENZA  River  hydroelectric  power  development.  This 
development  consists  of  6 major  power  plants  and  2 storage  reservoirs, 
■tile  LAGO  MORTO  (Serial  No.  R-7)  and  the  LAGO  RE3TELL0  (Serial  No.  R-8). 
The  storage  capacity  of  S.  CROCE  Lake  is  120  million  m®,  LAGO  DI  MORTO 
3 million  m^.  The  power  plants  in  operation  are  as  follows: 


Start  of  Operation 

Capacity  I 

(1) 

FADALTO 

1923 

90,000 

(2) 

NOVE 

1925 

65,000 

(3) 

S.  FLORIANO 

1923 

5,000 

(4) 

castellbtto 

1923 

6,500 

(5) 

CANEVA 

1927 

36,000 

(6) 

LIVENZA 

1930 

7,000 

A-07.  BRENTA  RIVER 

(Basis:  Reference  3) 

a.  The  BRENIA  River  originates  in  the  CALDONAZZO  Lakes  and 
LEVICO,  elevation  440.0  m near  PERGINE.  Ibis  also  represents  the  divid- 
ing point  between  the  ADIGE  and  BRENTA  drainage  areas.  The  total  length 
of  the  BRENTA  river  is  174  km. 


b.  The  river  follows  an  east-west  course  in  the  V/vL  SUGANA 
for  approximately  50  km  to  STRIGNO.  The  VAL  SUGANA  in  this  part  was 
formed  by  the  fault  line  of  the  dolomitio  VICENTINE  PRE-ALPS  against  the 
archaic  schist- granite  zone  of  CIMA  D’ASTA.  The  valley  shows  consider- 
able deposits  of  Mesozoic  alluvions.  It  turns  first  towards  the  south- 
east and,  after  passing  through  a narrow  gorge  at  PRIMOLANO,  changes  to 
the  south  after  receiving  its  largest  tributary,  the  CISMON.  After  a 
distance  of  100  km,  ihe  BRENTA  loaves  ihe  mountainous  region  and  enters 
the  plains  of  VENEZIA  at  BASSANO. 

c.  The  main  tributaries  of  ihe  BRENTA  above  BASSANO  are  all 
on  the  left  side;  namely,  the  MASO,  GRIGNO,  and  the  CISMON.  The  latter 
is  ihe  most  important,  being  55  kra  long  and  having  a 642  km  drainage 
area.  The  drainage  area  of  the  BRENIA  River  at  this  junction  is  673 
km*.  The  CISMON  is  fed  by  the  glaciers  of  the  DELLE  PALE  group  near  S. 
MARTINO  DI  CASTROZZO  and  represents  the  major  contribution  to  the  BRENTA 
flow* 
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d.  Tha  total  drainage  area  of  the  BRENT/Il  River  is 
2310  lon^,  of  -which  1567  km^  is  located  id  "the  Alpine  part  of  the 
basin.  The  precipitation  amounts  -bo  1600-2000  mm  per  year.  Ho-w- 
ovor,  most  oocvirs  in  spring  and  autumn  and  results  in  floods  in 
those  seasons,  Winter  is  the  main  dry  period  in  -which  the  river** 
bod  is  usually  completely  dry.  In  summer,  molting  of  glaciers 
provides  the  major  source  of  flo-w, 

0.  Bolo-w  BASSANO,  -the  BRENTA  is  divided  into  numerous 
canals  serving  for  irrigation  and  also  for  industrial  use.  Most 
of  those  canals  -wore  in  oxistonca  since  tho  Middle  Ages  and  wore 
built  by  -fcho  Vonozian  Republic,  Most  of  this  diverted  flow  is 
rostor  od  to  -Uie  main  river  by  canals  such  as  tho  PIM,  BRENTELLA- 
PIOVEGO,  CONTARINA,  and  PIOVEGO  DI  VILLABOZZA.  At  PONTE 
VIGODARZERE,  tlio  BRENTA  is  Joined  by  the  MUSSONE  DEI  SASSI,  tho 
only  major  tributary  in  the  lower  roach  of  the  river, 

f.  At  LIMENA,  tho  BRENTA  River's  lov\r--wator  flo-wr  is 
transferred  into  tho  BRENTELLis.  CANAL,  -which  Joins  tho 
BACCHIGLIONE  River  at  VOLTA  BRUSEGANa.  From  LIMENA,  the  BRENTA 
proceeds  southeast  to  STEl/i..  There  it  is  crossed  by  tha  navigable 
VENEZIA- PADOVA  Canal.  Tho  part  of  -the  canal  on  "Ihe  right  side  of 
tho  BRENT/i.  (CilNiiL  PIOVEGO),  receives  its  -vmtor  from  tho 
BACCHIGLIONE  River,  The  left  side  part  of  -tho  canal  (NAVIGLIO 
BRENTA),  follo-ws  the  old  BRENTA  bod  into  tho  lagoon  of  VENICE. 

A movable  -weir  on  the  BRENTA  at  SIRA  regulates  tho  flo-w  betvfoon 
-the  main  river  and  the  naviga-tion  canal, 

g.  From  STRA  -the  river  follo-ws  a 50  km  long  straight 
artificial  bed  called  "L A C ITNRTTYi, " which  is  of  major  importance. 
The  largo  protective  structures  on  both  sides  reach  enormous  pro- 
portions. This  artificial  bod  of  -tho  BRENT/A  passes  near  PIOVE 

DI  SACCO  and  -through  CODEVIGO  and  CONCHE  with  one  outlet  into 
-the  lagune  (lagoon)  near  CA  PASQUA.  Here  it  is  Joined  by  the 
BACCHIGLIONE  River.  This  final  part  of  -the  BRENT/'i.-Ba.CCHIGLIONI 
River,  called  "TRONCO  COMUNE, " is  Joined  from  -the  right  by  a 
small  -tributary,  tho  TRENTON  River,  which  can  be  shut  off  by  a 
segment  gate.  Also,  tha  CUORI  CiANAL  Joins  the  BRENTti.  in  tvjo 
separate  branches,  one  equipped  vith  a navigation  lock,  the 
second  -wi-th  a sogmont  gate.  Three  o-ther  canals  Joining  -fclio 
BRENI/i  SEA  Junction  part  are  tho  GORZONE,  CANAL  DI  VALLE,  and 
BUSIOLA,  all  equipped  v/ith  hydraulic  structures  serving  primarily 
for  na-vigation.  The  cone  on -tr  aid  on  of  flow  from  different  canals 
and  tribu-tarios  in  -the  artificial  BRENTA  River  bod,  results  in 
high  discharge.  This  necessitated  unusually  large  and  s-fcrong 
flood-protection  structures  along  this  ?/atorway.  This  -watenmy 
serves  as  tho  border  between  VENEZIA  and  PADOVA  Provinces, 


RESTRICTED 

SECURI'H'  INFORMATION 


restricted 

SECURITY  INFORMATION 


A-08  BACCHIGLIONE  RIVER.  (Basis:  Reforoncg  3) 

a.  BACCHIGLIONE  is  Iho  namo  of  tho  rivor  formed  by 
oonfluonoo  of  several  torrontial  streams  such  as  the  TIMONCHIO, 
LEOGRJi,  IGNA,  and  ROL/l,  at  VILL/i.VERLA,  a short  distance  from 
VICENZA.  Howevor,  tho  main  contribution  to  tho  flow  comes  from 
tho  A.STIC0  River  with  its  numerous  tributaries  which  joins  tho 
Bi.CCHIGLIONB  under  tho  namo  of  TESINA  Rivor  at  DEBBA. 

■ b.  Tho  Alpine  part  of  the  BACCHIGLIONE  drainago  aroa 
is  of  Triassic  and  Crotacoous  origin  wiili  prodominanco  of  dolo- 
mitio  limostono,  stratified  and  gnawod>  followed  in  dopih  by 
crystalino  and  dolomitic  limestone.  This  may  explain  \vhy  part 
of  tho  flov;  disappears  underground. 

0.  The  BISSATTO  Canal,  which  usually  takes  the  total 
low  flov;  of  the  BACCHIGLIONE  branchos  off  to  the  right  at 
LONGilRE.  This  canal  lator  takes  tho  namo  of  ESTE-MONSELICE  and 
restores  its  flov;  back  to  tho  BACCHIGLIONE  tlirough  tho  CjJhlLE  DI 
B/iTTAGLIA  at  VOLTA  BRUSEGANA  aftor  roooivdng  several  small  tribu- 
taries. 


d.  At  BASSANELLO  near  FADOVji.,  tho  BACCHIGLIONE  divides 
into  throe  parts.  Ono  is  tho  C/iNALE  DI  BATIAGLLl,  tho  second  is 
tho  CANALE  SCj'lRICAIORE  and  tho  third  is  tho  IRONCO  DE  NtlESlRO. 

Tho  lattor  foods  tho  canals  of  tho  city  of  PADOVA  and  continues 
as  PIEVEGO  CaIWi.L  to  tho  BRENIYi.  Rivor  at  STRA,  and  as  t^^o 
RONCAITTE  runs  into  tho  CAN/iLE  SCi'-HlICA TORE  EATIfi-GLLs.  Canal  and 
RONCAITTE  carry  thoir  flov;  into  tlio  CANALE  DI  PONTELUONGO;  vhich 
is  joined  by  sovoral  branches  to  tho  ESTE-MONSELICO  Canal.  Tho 
PONTELUONGO  Canal  is  tho  artificial  bod  for  tho  BACCHIGLIONE 
River  which  joins  tho  artificial  bed  of  tho  BRENIA  River  at  CA 
PASQUA  (CA  PASCA). 

0.  Tho  hydrologic  rogimo  of  tho  BACCHIGLIONE  Rivor  is 
oxtromoly  variable*  At  BRUSEGiiNA  flow  roaohod  840  m /soc  at  HHW 
and  foil  to  30  raV^oc  at  LLW.  (Different  figures  aro  givon  by 
Prof.  Almaggia).  Floods  usually  appear  in  October-Novomber  and 
March-May.  Tho  spring  floods  aro  usually  highor  than  tho  fall 
floods. 

f,  Tho  complicatod  canal  systom  originating  in  tho 
very  oarly  history  of  Northern  Italy  is  particularly  famous  for 
its  many  structures  built  during  tho  period  of  high  prosperity 
of  tho  modioval  Republic  of  VENEZIA.  Thoso  canals  and  hydraulic 
structures  considerably  influonco  tho  hydrologic  rogimo  of  tho 
BACCHIGLIONE  Rivor. 
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A-09  ADIGB  RIVER. 

a.  Gonoral  Dosoription.  (Basis;  Roforonoo  81) 

(1)  Tho  ADIGE  is  socond  only  to  tho  PO  Rivor  in 
length.  Its  total  Icngih  roaohos  404  kra.  It  origina-^os  at  tho 
foot  of  PIAN  DEI  MORTI  in  tho  high  Alpino  rogion  north  of  'tho 
village  of  RESIA,  in  tho  ALTO  ADIGB  Provinco  of  VBNEZIa  at  1586 
m olovation.  Somotimos  "tho  origin  of  tlio  ADIGE  is  considorod  to 
bo  the  lakes  of  RESIA,  highest  of  ■'-ihioh  is  at  1475  m,  tho  middle 
(LilGO  DI  MEZZA)  is  at  olovation  1445  m,  abovo  soa  lovol.  Baoso 
two  uppof  lakes  have  boon  dammod  by  S.  VALEITTINO  Di-iM  (Serial  Bo. 
R-22)  sinoo  1951. 

(2)  Tho  ADIGE  enters  VAL  VENOSTA  vliioh  has  numor- 
ous  large  alluvial  conos  resulting  from  lateral  currents  and  side 
stroEuns  vjhich  divert  tho  ADIGE  flow  from  one  sido  of  iiio  valley 
to  -the  o'tlior. 


(3)  .At  MERABO,  tho  ADIGE  is  joinod  by  tho 
PASSIRIO  Rivor  at  olovation  293  m.  The  first  major  tributary  is 
tho  ISARCO  (EISACK  in  Gorman)  which  joins,  at  BOLZANO.  Tho  ISARCO 
originates  on  tho  Italian- Austrian  boundary  oast  of  BRENNER  PASS 
at  2000  m olovation  abovo  msl.  It  is  joined  by  tho  RIENZji  River 
which  has  its  souroo  at  LilMDRO,  noar  DOBBLICO,  in  PUS  TER  Vji.LLEY 
(near  1h  o DRziVA  Rivor  source),  another  Italo-Austrian  boundary 
point.  Tho  catchment  area  of  "the  RIENZA  at  BRESS2JTONE  is  2077 
km^,  while  the  IS.iRCO,  at  this  point  of  confluonco,  drains  only 
435  lan^.  Tho  ISaRCO  flow  is  twico  as  largo  as  that  of  tho  jiDIGE 
Rivor  and  in  all  respects  has  tlie  charaotoristics  of  a major 
stroam  instead  of  thoso  of  a tributary,  /imong  othor  tributaries 
of  tho  ADIGE  Rivor,  tho  NOCE  has  1396  km^  and  tho  AVISIO  956  km'^ 
of  drainage  aroa. 

(4)  Bolow  TOENTO,  tlio  ADIGE  River's  violent  cur- 
ronts  attack  tho  valley  walls,  and  .the  river-bed  in  some  places 
has  boon  eroded  to  solid  rook;  howovor,  after  its  exit  from  iho 
Alps,  tho  bod  is  covered  mth  layers  of  r ocont ' sodimonts  which 
stretch  up  to  VERONA,  This  soems  to  indicate  that  this  valley 
is  of  rocont  Plioocnio  origin  ’which  was  overrun  by  tho  moraines 
of  RIVOLI, 


(5)  Tho  contributing  drainage  aroa  of  tho  ADIGE 
Rivor  bolov;  TRENTO  is  considerably  ccnstrictod  and  vory  few 
tributaries  in  this  reach  aro  vrorth  mentioning  as  flovf  contrib^* 
uting  factors.  The  BRENDs.  and  S/iRCA  Rivors  belong  to  separate 
systems  dospito  the  fact  that  tho  BRENTn  joins  the  ADRIATIC  SWi 
near  tho  mouth  of  tho  ADIGE  Rivor.  Tho  short  parallel  course 
of  tho  SARCA  Rivor  also  is  noar  that  of  tho  ADIGE. 
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(6)  At  tho  oonfluonco  with  tho  IivSSO  Rivor»  tho 
ADIGE  Rivor  ontors  tho  VERONESE  DEPRESSION.  Botwoon  tho  junc- 
tions of  tho  ISARCO  and  TA.SSO,  tho  total  drop  is  148  m in  130  km 
corresponding  to  a moan  gradient  of  1*14  m por  km.  In  tho  plains 
bolow  VERONil  tho  ADIGE  Rivor  does  not  follow  the  gonoral  doolino 
of  tho  toTrain.  It  joins  noithor  tho  PO  nor  tho  BilDLI  POLESINE 
and  flotrs  indopondontly  toTvards  tho  ADRI/iTIC  SEA  -which  it  joins 
at  FOSSONE, 


(?)  Aftor  -tho  rivor  leaves  the  ALPS,  tho  height 
of  tho  alluvial  torracos  abovo  -tho  terrain  booomos  groator  -vihilo 
■tho  general  gradient  of  the  s-feroam  continuos  to  doscond  tovra,rds 
S.  GIOVANNI  LUPATOTO.  From  thoro  -tho  bod  is  olovatod  by  its  own 
alluvions  above  "tho  surrounding  terrain.  Thoso  alluvions  roach 
a maximum  at  LEGNAGO,  BADl/i.,  and  BOARA.  Ihoy  doclino  from  there 
on  until  they  disappear  at  approximately  30  km  distanco  from  tho 
soa.  Ihoro  again  tho  rivor  lovol  cenforms  to  tho  lovol  of  tho 
valloy«  In  iho  depression  part  of  tho  rivor,  both  banks  aro 
linod  by  vory  strong  flood  dikes  which  accompany  tho  rivor  up  to 
the  soa,  Ihoso  structures  aggravate  tho  rise  of  tho  bod  abovo 
tho  countrysido  and  also  croato  difficulties  idioro  tho  tributar- 
ies join  tho  main  stem  of  tho  ADIGE.  Auxiliary  chsinnols  aro  thus 
croatod  noar  tho  stream  junctions,  Consoqucntly,  the  drainage 
area  of  the  ADIGE  is  considerably  roducod,  by  tho  action  of  man- 
made protoctivo  structures  than  a result  of  natural  conditions. 

It  is  estimated  that  176  km  of  tho  ADIGE  PLAII^  havo  a mean 
vddth  of  21,6  km  which  amounts  to  an  area  of  3810  kra''*  Con- 
soquontly,  considoring  tho  ontiro  drainage  aroa  of  tho  ADIGE  of 
14,700  km^,  75  percent  of  it  belongs  to  -tho  Alps  and  only  25 
percent  to  the  Plains,  Although  only  57  percent  of  tho  ADIGE 
courso  passes  through  tho  Alpine  region,  tho  slope  of  tho  rivor 
in  the  plains  is  only  0. 5 m por  km,  Iho  ratio  botwoon  tho  total 
length  of  tho  ADIGE  River  (404  km)  and  tho  shortest  distanco  bo- 
twocn  its  souroo  and  mouth  (235  km),  amounts  to  1,72,  Iho  moan 
slope  of  tho  rivor  as  a '-(holo  is  3,9  m por  km, 

(8)  Iho  ADIGE  can  bo  classified  as  an  Alpino 
River  considering  its  hydrologic  and  thermic  conditions.  Alpino 
streams  arc  charaotorized  by  relatively  groator  influence  of 
snov;  and  glaciers  over  rainfall  in  determining  tho  discharge,  A 
great  deal  of  solid  material  is  carried  by  its  flovr  at  tho 
Alpino  periphery  as  well  as  in  tho  plains.  In  January,  at  low 
discharges  (100  m^/soo),  ice  drifts  aro  formed  vMch  aro  carried 
as  far  as  BADI/i  POLESINE.  Iho  ADIGE  has  185  glaciors  of  277,5 
kra^  total  aroaj  155  of  thorn  totaling  223,6  km^  arc  in  tho  jJjTO 
ADIGE  region,  (formerly  -tho  Austrian  Province  of  lyrol), 

(9)  Molting  of  glaciors  does  hot  influence  the 
floYiT  until  July  and  August;  hovrovor,  tho  flow  from  molting  snow 
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begins  in  March.  Iho  ADIGE  River,  similar  to  other  rivers  of 
the  VENETIAN  PLaINS,  is  character izod  by  its  groat  variation  of 
discharges.  It  may  roach  'the  enormous  proportion  of  3500-4000 
mV^oo.  As  a rulo  the  autiomn  floods  aro  minor  oomparod  rdth^ 
tlaoso  in  tho  spring.  Of  146  inundations  obsorvod  in  the  ADIGE 
PLiilNS,  only  40  appeared  in  tho  Octobor-Novombor  period;  hov/- 
cver,  tho  most  o'xtonsivo  flood  obsorvod  to  date  v/as  in  September, 
1882,  Tliis  flood  was  due  to  unusual  combinations  of  humid  air 
accumulation  from  tlio  ADRIATIC  SE/i  and  barometric  conditions 
ovor  tho  ALPS  vhioh  resulted  in  high  intonsiiy  of  rain  over  the 
■vholo  ADIGE  drainage  area. 

(10)  The  lower  part  of  tho  ADIGE  is  woll  protect- 
ed on  both  sides  by  largo  protective  structures  and  dikes,  num- 
erous pumping  plants,  draining  siphons,  diversion  canals,  otc. 
Some  of  those  are  of  historical  significance  reaching  back  to 
iho  Middle  Ages.  In  places  those  structures  aro  designed  for 
melioration  purposes.  Iho  inland  navigation  on  tho  lower  ADIGE 
is  of  little  significance. 

b.  Hydraulic  Dovolopmonts. 

(1)  Iho  major  hydraulic  installations  controll- 
ing tho  ADIGE  flo\v,  aro  prodomincntly  hydrooloctric  power  do- 
volopmonts, combined  in  some  cases- -with  flood  protection  struc- 
tures, and  only  in  minor  casos  with  irrigation  features.  No 
navigation  structures  are  involved.  Utilization  of  tlio  flow  for 
power  dovolopmont  is  usually  by  moons  of  long  c.anals,  tunnels, 
open  channels,  or  pressure  conduits,  reaching,  in  , some  instances 
to  lengths  of  50  km.  Many  of  iho  power  plants  constructed  in 
tlio  period  1930-1940  are  underground -installations. 

(2)  lilh  regard  to  -possible  flow  utilization, 

the  Adige  River  basin  can  bo  divided  into  the  following  major 
regions : ' ■ 

(a)  UPPER  ..iDIGE  River  above  VERONA 

(b)  ISARCO  River 
(0)  NOGS  River 
(d)  AVISIO  River 

(0)  LOIVER  ADIGE  River  below  VERONA 
0,  UPPER  aDIGB  Rivor,  above  VERONA. 

(1)  General.  Tho  hydrooloctric  dovolopmonts 
located  in  tho  area  of  tho  ADIGE  Rivor  above  VERONA  (km  141) 
including  its  tributaries  exclusive  of  the  IS/JICO,  NOCE,  and 
AVISIO  Rivers  aro  described  in  subsequent  paragraphs  and  listed 
in  the  following  tabulation: 
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(a)  lAGO  DI  RESIA 
‘ (b)  CASTELBELLO 
(c)  PLIM  River 
• (d)  VERMGO  (SENALES  River) 

(e)  PASSIRIO  River 

(f)  MER/iNO 

(g)  LAGO  DELLE  PLYZZE 

(h)  MORI 

(i)  AVUi.NO  River 

( j)  MEDIO  ADIGE 

(k)  SORIO 

(2)  LAGO  DI  RESUi  Development. 

(Basis : Referenoes  47,  51,  52  & 78) 

(a)  S.  VALENTINO  Dam  (Serial  No,  R-22) 

2^.  General.  This  dam  utilizes  the  two 
existing  natural  lakes,  L/IGO  DI  RESIA  and  L/1.GO  DI  MEZZO,  ujiiting 
tliem  into  one  reservoir  of  650  hectares  surface  area  and  6.5  Ion 
length.  The  main  dimensional  data  of  ihe  dam  and  reservoir  are 
as  follows: 


Drainage  area  (322  re  Ref. 53)  310  km^ 


Length  of  dam  at  crest 
Haight  of  dam  above  valley 
Maximum  stage  elevation 
Minimum  stage  elevation 
Mean  utilized  head 
Storage  capacity 

Area  of  the  reservoir 


447  m 
31, 5 m 

1495  m above  msl 
1464  ra  above  msl 
580  m 

llO  million  m^ 
(120  re  Ref.  47) 
650  hectares 


2,  Hydrologic  Conditions.  Of  the  total 
310  km^  included  in  the  drainage  area,  S3  km^  consist  of  gla- 
ciers. Hydrologic  inves'tigations  indicated  0.0211  m^ sec  per 
kra^  as  the  mean  runoff  and  5.8  m®/sec  as  liio  mean  utilized  flow 
at  Ihe  damsite. 


_3,  Dam  Structure.  The  dam  is  an 
earth  gravity  type.  It  has  an  inipermeablo  core  consisting  of  a 
mixtu.re  of  earth  and  bentonite  (a  special  material  mined  near 
NilPLES).  The  dam-  is  anchored  into  the  terrain  by  a wall  of  re- 
inforced concrete,  averaging  22  m high,  built  on  solid  rock, 

'th  its  lov;est  point  at  1450.50  m elevation.  Inside  this  -wall 
is  an  inspection  gallery.  Uae  dam  is  7.0  m wide  at  the  crest, 
186  ra  mde  at  the  foot.  The  crest  of  the  dam  is  at  1500,80  m 
elevation,  31.5  m above  the  floor  of  the  valley.  The  crest  is 
3.0  m above  the  high  imter  mark  and  4,0  m above  the  normal 
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stage  of  the  reservoir,  which  is  at  1496.80  m olevation.  A 
drainage  system  undor  the  tailwator  side  of  the  dam  with  a drain 
collector,  provides  an  outlet  for  seepage.  (Sketches  of  the 
structure  are  sho^wl  on  Plate  8c  of  this  report.) 

_4.  Scour  llmnols.  Because  of  sudden 
flood'wator  possibilities  prevailing  in  all  Alpine  rivers,  the 
outlet  installations  are  abundantly  dimensioned.  The  first 
"sooin:  tunnel",  mth  an  intake  at  1472,0  m el  ovation,  has  a 
flow  capacity  of  130  m^/soc;  the  second,  at  elevation  1467.68 
m,  has  300  mvsoc  capacity, 

5.  Spillways,  The  spillways  were  de- 
signed to  carry  865  m^/sec.  However,  all  outlets  combined  are 
able  to  discharge  1761  m^/sec  v/hon  tho  head  over  the  spillvniy  is 
1,65  m.  This  is  sufficient  to  handle  a catastrophic  flood  of 
5,7  m^/sec  per  km^  of  drainage  area.  The  3 spillways  are  of 
Croager  typo  wilh  circular  crests  of  22  m diameter.  Ihe  total 
developed  length  of  tlie  overflow  crest  is  188.50  m.  Tho  spill- 
mys  have  a "chalico-liko"  shape  and  are  entirely  surroimdod  by 
the  water  of  tho  reservoir  pool  (see  Fig.  Ill  of  Plato  8c  of 
this  report).  Tho  coefficient  of  discharge  for  those  3 circular 
spillways  operating  as  a unit  is  0,49.  Individually,  tJio  spill- 
rfoys  have  discharge  coefficients  of  0.51,  Those  values  were 
checkod  on  models  at  tho  Milano  Tochnical  University. 

£.  Powor  Tunnel,  '"'.’ator  is  convoyod  to 
tho  power  house  by  a tunnel  consisting  of  a pressure  conduit 
located  v;itiain  tlio  rook  on  tho  ri^t  bank,  Tho  conduit  crosses 
tho  ADIGE  valley  1700  m from  the  dam  on  a bridge  of  2x17,0  m 
span  built  of  concrete  tubular  beams.  Tho  conduit  has  3,0  m 
diameter,  0.1  percent  gradient,  and  is  12  1cm  long.  Discharge 
capacity  is  65  m^/sec.  Approximately  2800  m of  the  conduit  is 
linod  with  reinforced  concrete;  insido  surface  of  ihe  remaining 
portion  is  treated  with  comont,  Tho  pressure  conduit  is  equip- 
ped Tith  auxiliary  intakes  on- tlio  PUMI  and  SALDUIbl  ( 5 and  10 
m'^/soo  flow  capaci'ty,  rospoctivoly) , tributaries  of  tho  ADIGE. 
The  conduit  ends  in  a siirgo  shaft  vdth  2 expansion  chambers  at 
1450,30  m and  1490.0  m elevation.  A valve  chamber  at  elevation 
1439,66  m provides  for  regulation  of  tho  poY/or  flow  from  tho 
pressure  conduit  into  tho  penstock  of  tlio  powor  station, 

(b)  GLORENZA  Povfor  Plant, 


1.*  Surge  Tank,.  Tho  surge  chamber  of 
this  powor  plant  consists  of  a horizontal  expansion  chamber  at 
tho  conduit  level  and  an  inclined  shaft  of  largo  diameter  load- 
ing to  a second  upper  horizontal  cylindrical  chamber.  An  in- 
clined shaft  of  smaller  diameter  loads  up  to  tho  rock  surface 
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from  tho  uppor  charabor.  A valvo  ohambor  is  looatod  dovmstroam 
from  tlio  surgo  ohambor  at  -fcho  upstream  ond  of  tho  ponstock* 

Ponstock.  Tho  penstock  consists  of 
a woldod  pipe,  laid  witliin  a tunnol.  Its  diameter  varies  from 
2,5  to  2,1  m.  Tho  lower  portion  is  roinforcod  with  "shrunlc-on" 
stool  bands. 


3,  Maohinpry,  Tvro  sots  of  tvirbo-al- 
tornators  oach  58,000  KVA  capacity  aro  provided.  Each  sot  con- 
sists of  an  alternator' driven  by  two  Polton  -whools,  Iho  total 
capacity  of  tho  plant  is  116,000  KVA,  and  tho  annual  power  out- 
put is  273  million  KkH.  Tho  whole  powor  plant  is  underground. 

4,  Tailraco,  Tho  tailraco  of  tho 
GLORENZil  pov;or  plant  loads  into  the  ADIGE  Rivor,  As  tho  ADIGE 
valley  is  fairly  v/ido  horo,  a rosorvoir  of  270,000  m^  capacity 
has  bcon  built  to  provide  storage  for  oporation  of  tho 
CASTELBELLO  plant  located  dovmstroam  from  tliis  location, 

( 3)  CASTELBELLO  Dovolopmont, 

(a)  ''■Voir.  Eight  kilometers  bolov/  tho  jxme- 
tion  of  tho  tailraco  of  tho  GLOREKZA  powor  plant  vdth  tho  ADIGE 
Rivor,  thoro  is  a vfoir  across  tho  rivor  equipped  mth  sluico 
gates  to  control  tho  flow  diverted  to  the  pov/cr  plant  at 
CASTELBELLO,  Tho  v/oir  is  34  m long  vdth  2 openings  oach  12  m 
mdo  and  1 opening  6 m wido,  equipped  mth  sluico  gates  4,5  m 
high.  The  diverted  flov/  passes  into  a t’.vo-ohamborod  sand  set- 
tling s3'-stom  of  82.5  m total  longth.  It  iiion  enters  a circular 
prossuro  conduit  of  4 m diamotor  and  17.4  m longtli.  A storago 
basin  of  22,000  m^  capacity  is  located  close  to  tlio  intake.  Bo- 
causo  tho  configuration  of  tho  valley  limits  storago,  an  addi- 
tional 22,000'm^  is  provided  in  a chombor  oxcavatod  along  tlio 
lino  of  tlic  tunnel.  Tho  flow  roloasod  from  tho  270,000  m® 
rosorvoir  below  GLOREWZA  Powor  Plant  (doscribod  in  procoding 
paragraph)  tolcos  about  1 hour  to  roach  tho  intake  of  tho 
CASTELBELLO  powor  plant  conduit, 

(b)  Pcns-fcock,  Iho  prossuro  tunnel  onds  in 
a complicated  surgo  ohambor  structuro  with  on  expansion  charabor 
of  10,000  m^  capacity.  Tho  penstock  is  3,25  m in  diamotor,  516 
m in  longth,  and  has  a 1,86  porcont  slopo.  Iho  draft  tube  of 
tho  turbines  loads  into  a 215  m long  discharge  conduit  vhioh 
ends  in  an  opon  tailraco  canal  402  m long  which  Joins  tho  ADIGE 
at  1568  m elevation. 


(o)  Maohinory,  Tho  main  powor  station  is 
60x18  m in  plan  dimensions  and  is  fully  imdorground.  It  has  3 
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vortical  Franois  turbo- al torna tor s of  32,000  KVA  installod  capa- 
city, Tho  transformors  aro  abovo  ground,  Tho  drainage  aroa  at 
CASTBLBELLO  is  1075  km'^,  Tho  gross  hydraulic  hoad  is  294  m, 
utilized  hoad  is  279  m,  Tho  utilized  flow  is  30.0  v^/ soo;  ’tho 
moan  annual  flow  is  18.2  m^/soo,  Installod  power  capacity  is 
96,000  KVA  ap.d  annual  output  is  400  million  KM. 

(4)  PLIMA  Rivor  Dovolopmont, 

(Basis : Roforonccs  47  k 55) 

(a)  GIOVARETTO  Dam.  (Serial  No.  R-25) 

Ihis  dam  on  PLIMA  Rivor  has  boon  under 
construction  since  1951  and  will  form  part  of  the  powor  dovolop- 
ment  knovm  as  "if/iPIANTO  PLBl/v. " Bic  dam  is  constructed  as  a 
concroto  wall  rcinforcod  by  pillars.  Pertinent  dam  data  (accord- 
ing to  Ref.  55)  aro  as  follows: 

Storage  capacity  ' 15  million  m^ 

Maximum  stage  elevation  1850.00  m abovo  msl 
Height  of  tho  dam  100  m 


(b)  PLI!ii!i  Dam  and  Pov/or  Plant. 

(Serial  No,  R-24) 

Pertinent  data  concerning  this  project  (according  to  Roforonoo 
47)  aro  as  follov/s: 


Catchment  area 
Storage  reservoir 
Maximum  stage  elevation 
Elevation  of  tho  plant 
Hydraulic  head 
Installed  power  capacity 


1075.0  km^ 

0,5  million  m^ 

1560.00  m abovo  msl 

868.00  m abovo  msl 

690.00  m 
52,600  KVA 


(5)  VERNAGO  (SENALES  River)  Development. 

(Serial  No,  R-23)  (Basis ; Reference  54) 


(a)  Purpose,  This  project  is  located  on 
the  SENALES  Rivor,  approximately  15  km  from  its  junction  viith 
tile  ADIGE.  The  dam  has  been  under  construction  since  1950.  Eie 
storage  reservoir  of  20  million  m^  provides  annual  storage  for 
the  smaller  povirer  plants  of  tile  cities  of  MERiVNO  and  BOLZANO, 
These  power  plants,  knoivn  as  ''IMPI/BITO  TEL"  and  "iMPLiNTO 
WlRLENGO"  have  been  constantly  expanded  since  1926, 

(b)  Dam  Structure,  The  VERNAGO  DAM  (Serial 
No,  R-23)  vra.s  constructed  as  an  earih  gravity  dE-m  with  a core  of 
impermeable  material,  mostly  clay.  As  pacldng  material,  a benta- 
mite  mixture  is  used  (a  special  material  mined  in  the  south  of 
Italy),  The  crest  of  -the  dam  will  be  43  m above  the  river  bed. 
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The  proposed  annual  power  output  gained  by  the  construction  of 
this  dam  is  73.5  million  10'®.  The  data  of  the  dam  are  as  fol- 
lov/s : 


Storage  capacity 
Area  of  reservoir 
Maximum  stage  elevation 
Minimum  stage  elevation 
Height  of  .the  dom 
Length  of  dam  at  crest 


25  million  m^ 
140  hectares 

1674.00  m above  msl 

1644.00  m above  msl 
40  ra 

300  m 


(s)  PtiSSIRIO  River  Development. 
(Basis:  Reference  4) 


Ihis  project  has  been  planned  since  1926  but 
its  present  status  is  not  kno7m.  The  capacity  of  the  reservoir 
is  2.5  million  m^,"  the  height  of  the  dam  30  m.  Ihe  dam  is  in- 
tended to  provide  floodvra.ter  protection  of  the  city  of  MER^lHO, 
and  also  to  prevent  movameTit  of  sediment  carried  by  the  PjiSSIRIO 
River  into  the  ADIGE  River. 


(?)  MERAHO  Development.  (Basis:  Reference  82) 

(a)  TEL  Power  Plant.  Ihis  project  ms  de- 
veloped in  1925-1926  by  extension  of  the  old  NATURNO-TEL,  the 
hydroelectric  power  development  utilizing  tlie  flow  of  the 
SE'MLES  River.  The  power  plant  is  equipped  ■’/dth  a movable  sluice 
weir  with  tv©  openings  each  7.5  m wide  plus  a scouring  outlet. 

The  hydraulic  data  of  the  power  plant  are: 

2 

Drainage  area  1663  km 

Maximum  stage  elevation  ■ 505,60  m above  msl 

Hydraulic  head  71  m 

A power  c onduit ' le  adin g to  the  surge  chamber  has  35  m^/seo  flow 
capacity.  The  penstock  supplies  two  Francis  spiral  turbines  each 
7,600  HP  connected  v/ith  tvro  alternating  current  generators  each 
of  14,000  KVA  capacity.  The  tailwater  elevation  is  430  m above 
msl, 

(b)  MARLEHGO  Power  Plant.  The  tailwater  of 
-the  TEL  power  plant  is  redirected  into  a reinforced  concrete 

conduit  3. 5 km  long  leading  into  the  surge  tank  of  the  MARLENGO 
plant,  Tlie  tailwater  of  the  MARLEHGO  plant  joins  the  ADIGE 
River  at  elevation' 291. 50  m above  msl.  The. utilized  hydraulic 
head  in  this  power  plant  is  130  m.  The  installed  povrer  capacity 
of  the  power  plant 'is  45,400  KVA.  The  power  generating  equip- 
ment consists  of  four  units  of  10,000  HP  spiral  Francis  turbines 
and  tvn  direct  current  generators  each  3,500  W capacity. 
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(8)  LAGO  DELLE  PIAZZE  Developmant. 

( Serial  IJo,  R~34)  (Basis  j Reference  55) 

This  development  utilizes  the  vra-ter  storage 
of  LAGO  DELLE  PIAZZE  Lake  located  on  the  PINE  River,  a tributary 
of  the  FERSIKA,  vhioh  joins  the  ADIGE  ab  TRENTO.  By  building  a 
rook  fill  gravity  dam,  stage  elevation  of  the  lake  was  elevated 
to  provide  a storage  of  6,5  million  m^.  The  dam  was  constructed 
in  1926.  The  storage  of  the  DELLE  PIAZZE  Dam  is  transferred, 
tlirough  a covered  conduit,  into  AVISIO  River  to  be  utilized  for 
power  generation  in  the  povfer  plant  at  POZZOLAGO.  The  data  of 
tlie  dam  are  as  follows: 


Maximum  elevation  of  lake 
Minimum  stage  elevation 
Storage  capacity 
Area  of  the  lake 
Annual  power  output 


1027  m above  msl 
1022  m above  msl 
6. 5 million  m^ 
37  hectares 
45  million 


(9)  MORI  Dov'olopment.  (Serial  No,  R-35) 
(Basis  : Roforen’ce  62) 


(a)  General.  This  development  ivas  con- 
structed in  the  period  bet^'/een  1928-1932  and  provides  oloctric 
power  for  production  of  aluminum.  Pertinent  data  aro: 

2 

Drainage  area  10,410  km^  , 

Utilized  hydraulic  head  10.60  m 

Installed  power  capacity  17,200  EVA 


(b)  Dam  and  Canal.  The  vreir  across  ihe 
ADIGE  River  results  in  an  ,uppor  pool  elevation  of  164,75  m a- 
bove  msl,  (See  Fig.  1 of  Ref,  62)  Prom  the  upper  pool,  the 
flow  is  redirected  through  a side  opening  (11,75  m vade  and  3 
m high,  wiih  a sill  ol ovation  of  171,75  m)  into  an  open  canal 
2450  m long.  The  canal  intake  opening  is  equipped  with  an 
automatic  gate  hinged  on  the  horizontal  axis  fixed  to  the  sill 
of  the  opening  (See  Fig.  7' of  Ref,.  62),  Tailwater  from  the  ■ 
power  plant  enters  the  ADIGE  at  elevation  152,0  m»  The  canal 
has  the  following  hydraulic  characteristics; 


Cross  section  area 
Velociiy  of  the  flow 
Friction  coefficient 
Hydraulic  radius 
Gradient 

Hydraulic  coefficient 
Discharge 


(A)  90 

(V)  2, 70  m/ sec 

(f)  0.16 

(r)  3,08  m 

(ij  0.024^ 

(c)  29, 20  m 

(Q)  195  mVseo 
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(lO)  AVIANO  Rivor  Devolopmsnt 
(Basis:  Roforonoe  63) 

(a)  PRA  DA  STUA  DAM.  (Serial  No.  R-36) 

1.  Hiis  dam  and  reservoir  %ms  placed 
in  operation  in  1949,  utiTizing  the  flovr  of  pre-Alpine  streams, 
particularly  of  the  AVIANO  Rivor,  covering  a catchment  area  of 
37,84  kra'^.  The  mean  annual  discharge  on  these  streams  amount  to 
60  liters/soo  per  km*^,  corresponding  to  0.6  m^/sec  mean  annual 
discharge.  Flov;  is  regulated  by  Iho  PRA  DA  STUA  Reservoir,  capa- 
city 1.5  million  m3.  It  may  bo  filled  tvd.ee  a year,  in  vdntor 
and  in  summer.  A complicated  system  of  auxiliary  small  dams 
and  structures  located  at  high  elevations  catches  the  runoff  and 
carrios  it  to  the  AVIANO  Rivor  and  thence  to  the  PRA  DA  STUA 
Reservoir. 


The  dam  is  a gravity  arch  typo. 
Tho  foundation  is  of  cretaceous  limestone.  Iho  height  of  the 
dam  from  tie  foundation  rock  to  the  crest  is  49,0  m»  Tho  data 
are  as  follows: 


Capacity  of  reservoir 
Maximum  stage  elevation 
Crest  elevation  of  dam 
Moan  terrain  elevation 


1. 5 million  m® 

1041. 5 m above  msl 
1043.00  m abovo  msl 

1008. 5 m above  msl 


(b)  AVIO  PO^’ER  PLANT.  Tho  utilized  hydrau- 
lic head  of  the  por^or  plant  is  843,05  m v;hioh  required  unusually 
strong  penstock  pipes  as  tho  hydrostatic  prossuro  roaches  up  to 
over  one  hundred  atmosphoros.  Tho  diameter  of  the  penstock  is 
0,47  m;  the  length  is  1930  m.  Iho  penstock  is  anchored  at  20 
places  and  is  supported  by  300  pilasters,  IVro  groups  of  Polton 
turbines  combined  vd-th  3-phase  alternators  each  have  a capacity 
of  3100  to  3770  KVA, 


(ll)  MEDIO  jVDIGE  Development, 

(Basis:  Roforoncos  57  & 64) 

(a)  General.  This  development  consists  of 
tvD  hydraulic  developments:  AL/i-BUSSOLENGO  Weir,  Conduit,  and 
Powor  Plant,  and  the  BUSSOLENGO-CHIEVO  Conduit  and  Power  Plant. 

(b)  ALA-BUSSOLENGO  IBIR.  (Serial  No.  R-37) 

1,  This  development  was  constructed 
during  the  period  from  1939  to  1944  and  is  based  on  a discharge 
capacity  of  135  m^/soo.  A movable  weir  across  tho  ADIGE  River 
at  ALA-BUSSOLENGO  controls  tho  whole  development.  Tho  weir  has 
four  openings  each  25  m mdo*  equipped  with  4, 5 m high  gates 
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raising  -tiiG  s-^agc  to  botwoon . 133.00  and  137.5  m above  msli. 

Storqd,  v/atci:  is  directed  into  a settling  basin  prior  to  ontcr- 
ing  1iTo.  conduit.  Tho  entry  into  tho  settling  basin  is  through 
sixteen  openings  oaoh  3.5  m wide.  'Iho  settling  process  is  por- 
forraod  in  six  basins  oach  90  x 7.5  m.  The  plant  at  GASALK/iNT 
on  'bho  CIRCIK  Rivor  in  CENTRAL  ASIA,  USSR.,  wis  usod  as  a model 
for  this  sedimentation  plant. 

2_.  From  this  settling  basin,  tho  flovr 
is  conducted  through  hn  opon  39  km  long  canal,  of  trapozoidal 
oross-soction,  9,30  m vide  at  tho  bottom,  21,0  m wide  at  normal 
lovol,  and  6.0  m doop,  Tho  canal  is  dosignod-for  145  m^/soc 
flovr  capacity.  Of  this,  25  m^/soo  are  used  for  irrigation  pur- 
poses in  tlio  summer  period  botwoon  15  April  and  30  Soptombor, 

Tho  utilized  flow  for  poYifor  purposes  consoquontly  varies  botvroon 
110  to  135  mVsoc.  In  tho  wintor  soason, „tho  flovr  amounts  to 

V'  2 

see.  Tho  irrigation  aroa  of  240  km  is  locatod  botv/oon 
LAKE  GARDA  and  VEROM. 


_3.  Hio  flow  is  conducted  from  tho  open 
canal  into  a surge  basin  and  'thonoo  by  throe  reinforced  concrete 
circular  conduits  of  4.0  m insido  diamotor  and  5. 6 m outside 
diameter,  into  the  tTorbino  units.  The  basin  is  provided  with  a 
spillv/ay  equipped  with  tvro  automatic  sograont  gates  each  10  x 
2.75  m,  an  emergency  outlet  2,5  x 3,0  m and  two  scouring  outlets 
2,50  X 1.50  m and  2,50  x 1.0  m.  Tlio  three  turbines  have  vorti- 
cal axes.  They  each  have  45-48  m®/soc  flow  and  16,500  IG.'/  povTor 
capa,oity.  The  total  utilized  head  at  tho  ALA-BUSSOLENGO  part  of 
tho  development  is  39,5  ra.  Iho  total  pov/or  capaci’fcy  is  49,500 
IG..J  annual  production  is  280  million  KVAI;  The  tailv/ater  eleva- 
tion is  89,3  m above  msl. 

(o)  BIISSOLENGO-CHIEV'O  Power  Plant. 

_1.  Tho  tailTvater  of  BUSSOLENGO  power 
plant  is  rodiroctod  into  a 7,5  km  long  canal,  leading  to  tho 
povTor  plant  located  in  CHIEFO  noar  VERONA.  The  surge  chambor  is 
at  elevation  83.85  m abovo  msl.  This  plant  has  3 Francis  tur- 
bines, oach  v/ith  a dischargo  capacity  of  45-48  m^/soo  and  oaoh 
gonorating  10,500  KV.'  ydth  a 24,75  m head. 

2.  Tho  canal  has  tho  same  dimonsiois 
as  tho  ALA-BUSSOLENGO  canal  v;ith  90  cross -soctionial  aroa, 

Tailwator  loaves  the  plant  at  olovation  64,0  ra  abovo  msl.  Tho 
corabinod  longths  of  intake  canals  on  both  dovolopmonts  is  46,5 
km,  Iho  canals  wore  constructed  in  ruggod  torrain,  requiring  a 
groat  doal  of  structural  vfork.  Approximately  8. 5 Ion  aro  con- 
tained in  tu.nnels.  At  tho  opon  part  of  tho  canal  aro  doop  cuts 
and  hoavy  bank  ro infer oomonts.  .Sluioo  gates  are  located  at 
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approximately  ovory  12  km  to  faoilitato  emptying  of  the  canal 
into  the  river.  Several  valleys  aro  crossed  by  aqueducts;  the 
longest  is  210  m long  and  has  a 25  m maximum  height  and  consists 
of  five  spans  of  30  m oonoroto  arches,  Fifty-tTfo  road  bridges 
cross  the  canal.  The  BUSSOLENGO  plant  is  an. important  distribu- 
tion oontof  for  tvrelvo  high-powered  136  KV  transmission  linos 
serving  a groat  part  of  north  Italy, 

(l2)  SORIO  Dovolopmont.  "(Basis;  Roforonoo  2S) 


This  hydroolootric  dovolopraant  construct- 
ed in  the  period  from  1936  to  1938  near  VERONA.  The  utilized 
flovi  amounts  to  105  m^/sqc;  the  hydraulic  head  is  12  m.  Hie 
power  plant,  intolco  canal  is  525  m long  and  has  a 75  kra^  cross- 
section  area.  It  servos  tivo  Kaplan  "turbines  of  12,000  KW  capa- 
ci"ty,  Maximxim  annual  ou"tput  is  50  million  lO'.Ti.  Tho’poivor  plant 
is  constructed  on  caissons, 

d,  ISilRCO  River, 

(l)  General,  The  hydroelectric  developments  lo- 
.catod  in  "the  ISiiRCO  River  basin  aro  described  in  subsequent 
paragraphs  and  listed  in  "the  follovdng  tabulation: 


(a)  BRESSANONE 

(b)  PONTE  DI  GARDENA 

(c)  PRMESSA  (G/iRDEM  River) 

(d)  CARDANO 

(o)  DlLVERil  River 

( 2)  BRESSANONE  Dovolopmont. 

(Basis:  References  47  Sc  48) 


(a)  General,  I5iis  hydroelectric  povror  do- 
volopmont "Vfas  built  in  the  period  1940-1941  by  the  Sociota 
Elottrica  Alto  Adige  for  purpose  of  production  of  pov;or  to  bo 
used  on  the"  government  railroad  from  BRENIIER  to  BOLZANO.  Tiio 
power  plant  is  located  at  BRESSANONE  near  the  Junction  of  the 
IS^sRCO  and  RIBNZA  Rivers  and  utilizes  tho  flo"w  of  both  rivers. 
The  gonohal  hydraulic  characteristics  of  "the  dovolopmont  aro  as 
follows : 


Discharge  area 
FORTEZZA  storage  reservoir 
RIO  DI  PUSTERIii  storage  rosorvo 
Utilized  flovr 
Utilized  hydraulic  head 
Maximum  povror  capacity 
Installed  povror  capacity 
Annual  power  output 


2620  km^ 

3,21  million  m"^ 
ir  2 million  m^ 

80  nfi/  sec 
164(162)  m 
100,000  KW 
143, 500(142 ,-500)  KVA 
600  million  KW 
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(b)  FORTEZZA  Dam.  (Serial  No.  R-19) 

1.  Pom  Struoturo»  Iho  dsun  is  a oon- 
croto  arch  type,  formed  of  horizontal  circular  rings,  tho  radii 
of  vhich  range  from  13.5  m at  -i?ho  foot  to  '31.275  m at  tho  crost 
of  tiio  dam.  The  crost  is  58  m abo-'/o  tho  floor  of  the  valley  and 
63.50  m above  tho  bottom  of  the  foundation.  The  maximum  stage 
elevation  is  722.00  m above  msl,  i-iMch  is  also  the  olovation  of 
tho  roliof  outlet.  Minimum  stage  is  703.0  ra  above  msl,  Tho  top 
of  the  dam  is  at  724.00  m and  tho  length  of  -the  dajn  at  tho  crest 
is  57.0  m«  The  reservoir  pool  has  an  area  of  18  hoctaros. 

2.  Outlots.  A relief  outlet  on  -the 
right  side  above  tho  dam  mth  crost  elevation  722.00  m,  and  380 
mS/soc  flo-w  capaci-by  at  1,0  m head,,  provides  for  relief  of  flood- 
v/ater.  Piis  omorgoncy  outlet  is  in  tlio  form  of  a very  stoop 
circular  conduit  6.20  m in  diameter.  It  joins  an  8,0  m diomotor 
outlet  gallery  carrying  iJio  flow  into  tho  IS/lRCO  River.  Flov;- 
over  ■ftio  crost  of  tho  dam  is  also  anticipatod  in  ovont  of  high 
flood  conditions. 


(c)  RIO  PI  PPSTERIA  D;A!.  (Serial  No.  R-18) 

Pais  is  a gravity  dam  equipped  with 
automatic  gatos,  hingod  to  a horizontal  axis  on  tlio  crost  of  tho 
dam,  Pio  maximum  hoi^t  of  tho  crost  is  22  ra  above  tho  floor  of 
tho  valley  of  tho  RIENZA  River  and  27  m above  tiro  bottom  of  the 
foundation,  Tho  maximum  stage  olovation  is  723  .0  m,  tiro  m.ini- 
mum  711.0  m.  The  area  of  tho  rosorvoir  is  28  hoctaros.  Two 
openings  on  the  top  of  the  dam  aro  15  m r/ido  and  4.0  m high, 
equipped  v/ith  automatic  hingod  gates.  Three  bottom  outlets  of 
tho  dam  havo  square  cross-soctions  of  4.50  m provided  vdth  gates 
oporatod  by  mechanisms  inside  tho  dam.  Stop-log  omorgoncy  clo- 
sures placed  in  front  of  tho  gates  on  -the  upstream  side  may  bo 
used  for  closure  of  tho  outlots  for  repairs. 

( d)  BRESSANOIE  Power  Plant. 


2^,  Tho  circular  concrete  conduit  from 
tho  FORTEZZA  Rosorvoir  has  a 2.65  m diameter  and  is  1605  m long, 
Tho  RIO  PI  PUSTERIA  Rosorvoir  conduit  is  also  of  circular  cz’oss- 
section,  4,60  m diameter,  and  3282  m long.  Pioso  two  conduits 
join  in  a chamber  in  idiioh  aro  located  tho  regulating  and  control 
gates.  From  there,  a conduit  of  5,20  m diameter  and  5945  m long 
loads  towards  tho  surge  chamber.  All  those  conduits  are  under 
pross-ure  vhich  varies  from  12,70  m at  FORTEZZA  Pojn  to  30.70  m 
at  the  entrance  to  tho  surge  chamber.  Tho  surge  chamber  has  a 
capacity  of  19,000  m^,  A reinforced  concrete  circular  conduit 
5,80-4.70  m in  diameter  and  358  m long,  transfers  -tiio  flow  to 
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tho  valvo  ohambor  rogulating  tho  flow  to  tho  turbinos.  Tho  pon- 
stock  consists  of  4 stool  pipos  carrying  tho  flow  to  5 turbinos, 
3 of  35,000  KVA  oach  and  2 of  18,650  KVA  oach  po\vor  capacity. 

It  is  to  bo  notod  that  tho  ontiro 
power  plant  dovelopmont  -was  built  underground  for  protection  a- 
gainst  bombing.  It  vra.s  built  during  tho  vjar  mth  tho  intention 
of  being  usod  for  wartime  operations.  Bocauso  of  tho  iindor- 
ground  location  of  the  powor  plant,  tho  draft  conduit  roquirod 
special  structural  foaturos. 

(3)  PONTE  PI  GARDEM  Dovolopment. 

( Basis ; Roforonco  47) 

(a)  FUNES  Tieir.  (Serial  No.  R-20)  This 
vrair  is  locatod  at  tho  junction  of  tho  FUNES  and  ISARCO  Rivers. 
Tho  movable  vieir  (soo  Fig,  8 & 9 of  Ref.  47)  has  4 openings:  3 
at  15.00  m viido  and  1 at  5..0  m wide,  all  equipped  mth  gatos 
4*0  m high.  The  lifting  gates  havo  1.0  m high  automatic  flush 
gates  vdth  hingod  horizontal  axis.  Bio  gatos  aro  hand  and  powor 
oporatod.  On  tho  right  sido  above  tho  woir  aro  locatod  3 groins 
which  servo  for  keeping  coarso  rubblo  and  other  matorial  from 
entering  tho  ohannol.  An  automatic  scouring  gato  provides  for 
clearing  of  sodimont  accumulated  above  iho  v/oir.  Tho  dimensions 
of  tho  scour  gate  aro  6,0  m wide  and  2.8  m high.  A summary  of 
data  folloivs: 


Drainage  aroa 
Utilized  hydraulic  hoad 
Utilized  flow  capacity 


3045  km^ 

61. 50  m 

80  m^/  soc 


(b)  PONTE  ALL*  ISiiRCO  Powor  Plant.  At  tho 
ontranco  into  tho  powor  plant  charuiol  is  locatod  a Du  Four  sodi- 
montation  plant  for  clearing  sand  and  othor  floating  matorial 
from  tho  fLov/  lnto  tho  plant,  Tho  sodimontaticn  chamber  is  7 m 
vddo  and  145  m long,  divided  at  tlio  end  in  2 chambers.  Tho 
vholo  intake  structuro  is  355  m long,  Tho  powor  plant  conduit 
is  7,540  m long  and  has  an  avorago  0.001  poroont  gradiont.  Its 
cross-sootion  is  somi-circular  vdth  a 2,90  a radius;  hovfcvor, 
in  somo  placos,  tho  cross-section  is  entirely  circular.  Tho 
conduit  ends  in  a gallery  of  82  m^  cross- sectional  aroa  and  200 
m length  loading  to  a surge  chamber.  The  stage  at  this  chambor 
is  524*50  m above  msl,  Tho  penstock  of  6,0  m dioraotor  and  53,0 
ra  head  is  excavated  into  rock  and  is  of  reinforced  concrete. 

The  penstock  branches  into  two  turbine  intake  pipes  of  5,40  m 
and  4,40.  m diameter.  The  installed  powor  capacity  of  tho  power 
plant  is  75,000  KVA. 
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(4)  FREMESSA  (GARDEM  Rivor)  Dovolopment* 


H10  scanty  available  data  regarding  the 
PRfflESSA  power  plant,  of  tlio  GARDEM  River  Development  are  as 
follows: 


2 

Drainage  area  161  km 

Utilized  hydraulic  head  321  m 

Installed  povrar  capacity  11,200  KVA 

(5)  CARDAWO  Development. 

( Basis  : Ref orenc  es  49  & 50 ) 

(a)  General,  Ihis  development  knovai  as 
"L«I!/IPL.NT0  IDROELETTRICO  DETL*'1S/iRC0, " is  located  betwoon  PONTE 
ALL’ISjiltCO  (Serial  No.  R~2l)  and  CARDANO  on  tho  IS/iRCO  River, 
These  places  are  28.0  and  11,0  km  respectively  above  the  junc- 
tion vrith  the  ADIGE  Rivor  at  ADIGE  Km  236.11.  This  hydroeloc- 
tric  devolopmont  at  C/iRDANO,  named  "CARLO  CICOGNA"  near  BOLZANO, 
v;as  built  during  tho  period  botv/oon  1926-1931.  Up  to  the  v/ar, 
it  was  Uie  largest  hydroolootric  power  installation  in  Italy  and 
>ms  counted  among  tho  largest  plants  of  Europe.  Its  installed 
power  capacity  is  271,000  HP,  and  its  annual  production  is  more 
than  500  millions  KlvH, 

(b)  Hydrologic  Conditions.  Tho  plant 
utilizes  thio  favorablo  flow  cemditions  of  ‘the  ISjiRCO  Rivor,  It 
utLlizes  80-100  m'^/seo  (90  m^/soo  moan),  Tlio  terrain  elevation 
drops  from  459.00  m above  msl  at  tho  junction  of  tho  Gj\RDENA 
valley  on  the  ISARCO  Rivor  above  iiie  woir  at  PONTE  ALL’IS/iRCO 
(Serial  No,  R-2l)  to  276.0  m in  EGA  stream  valley  bolovr  tho  dam 
at  "the  junction  wiih  ihe  ISARCO  Rivor  at  CioRDANO.  Tho  total 
drop  in  elevation  amounts  to  183,0 'm, 

. (0)  Intake  Structures  at  PONTE  ALL’ ISIiRCO. 

(Serial  No,  R-2l) 

I 

1^,  Weir,  Tho  movable  woir  at  PONTE 
ALL’ ISARCO  across  tho  ISARCO  Rivor  has  tliroo  openings  of  15.0  m 
clear  vddth  and  a sluice  opening  4, 0 m wido  by  5 m high,  Tho 
throe  openings  arc  equipped  Tdth  lifting  gates  5,0  m hi^,  Tho 
normal  upper  water  stage  is  462,00  in  above  msl,  which  is  also 
the  normal  stage  of  the  storage  pond,  Tho  woir  is  electrically 
operated  and  oporatos  efficiently  and  fast, 
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_2.  Sodimontati  on  Plant.  On  tho  ri^it 
uppor  sido  of  -tho  woir,  botwoon  iho  ISARCO  Rivor—flow  and  tho 
storage  pond,  thero  is  locatod  a vory  olaborato  sedimentation 
plant  utilizing  tho  Du  Four  system  to  romovo  sodimont  from  tho 
flow  to  tlao  povror  units,  (Soo  Figs,  10,  17,  18,  Rof.  49),  Tho 
ISARCO  Rivor,  liko  most  of  'tho  high  Alpine  rivers,  carries 
(particularly  at  flood  conditions)  a groat  doal  of  solid  mator- 
ial  in  ‘Ihe  form  of  gravol,  sand,  mud,  oto,,  rhioh  amounts  to 
tuiusual  proportions  of  0.03  m^  per  1 m3  of  flovr.  In  tho  oaso  of 
tho  90  m3/soo  power  plant  discharge,  this  amoimts  to  5000-15,000 
m^  of  solid  material  per  day.  This  may  explain  tho  special  pro- 
cautions  applied  in  -the  construction  and  operation  of  the  sodi- 
montation  plant.  Hie  sodimontation  basins  aro  11,0  m vdde  and 
25  m long  each,  handling  18  m^/sec.  The  suspondod  material  may 
bo  flushed  back  into  iho  ISARCO  Rivor.  Dio  flow  voloci'ty  in 
tho  basins  is  0,45  m/sec.  Each  basin  has  threo  ontranoo  open- 
ings at  tho ’river  sido  oquippod  vi  th  protective  rakes  and  sluico 
gates,  Tho  cleared  vra.tor  may  bo  directed  through  a bypass 
diroctly  into  tho  main  conduit,  .It  c.an  bo  also  transferred  into 
tlio  storage  reservoir,  Thoro  are  throo  different  methods  of 
operation  of  this  plant,  according  to  flow  conditions  of  tho 
IS/iSCO  and  according  to  season,  (Soe  Figs,  1-5,  pp  129-133  of 
Roforonco  50). 


3,  Reservoir.  Tho  storage  reservoir 
servos  for  daily  storage  v/ith  a capaciiy  cf  0.29  million  m^. 
Settling  of  tho  stored  water  also  holps  to  cl  oar  it  from  silt. 
It  can.  bo  omptiod  by  a bottom  outlet  on  each  sido  of  the  re- 
servoir, tho  outflow  emptying  into  tho  scouring  canal  of  iho 
sedimentation  plant  (see  Figs,  20  & 23,  p 971  of  Rof,  49), 
f.-ronty  uppor  openings  oach  2.00  x 1,30  m and  t'vonty  lower  open- 
ings each  2.00  x 1.25  m equipped  mth  gates,  provide  for  tho 
roloase  of  stored  v;ator  into  tlio  power  plant  conduit  (see  Fig. 
21,  p 972  of  Rof.  49). 

(d)  Powor  Plant  Conduit. 


1_,  This  consists  of  a froc  surface 
intake  gallorj'"  14,843  m long  (sod  Figs,  3,  26,  27,  p 961  of 
Rof.  49)  designed  to  carry  90  my  sec.  The  hydraulic  charac- 
toristios  havo  boon  doterrainod  on  tho  basis  of  a minimum  fric- 
tion coofficiont  of  0.06  in  Bazin’s  Formula.  Based  on  this, 
tho  gradient  is  0.075  percent  and  tho  m.oan  volocit^''  3,10  m/soc, 
(For  cross-section  details,  soo  Figs,  26,  27  of  Rof,  49),  Tho 
area  of  tho  conduit  cross-section  is  31,40  m^,  tho  area  of  flow 
is  29,0  ra^. 


_2,  At  tho  end  of  tho  intake  gallery  is 
a patented  hydraulic  dovico,  a sort  of  flow-controlling  "vontola" 
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gato  which  provides  for  Iha  transfor  of  flow  from  tho  intake 
gallory  into  'tho  surge  gallery.  Tho  surgo  gallory  is  1229  m 
long  and  its  cross-soction  has  an  aroa  of  70.0  and  wottod 
area  of  66,0  (soo  Figs.  28,  29,  p 975  of  Rof,  49),  Tho 
"vontola"  also  rogulatos  oxcossivo  flo\7  in  tho  intako  gallory 
by  shi;tting  tho  automatic  valvo.  As  a result,  tho.  gallory  may 
bocomo  complotoly  filled  for  as  far  as  6,000  m abovo  tho  gato, 
creating  a 4, 5 m prossuro.  At  tlio  saino  timo,  tho  acoumulatod 
water  tlioro  amounts  to  0,15  m^,  Tho  storage  capacity  of  surgo 
chombor  and  surgo  gallory  vhon  fillod  is  0,06  million  m^.  To- 
gotlxor  mth  tho  0,29  million  m^  storage  in  tho  PORTE  i'XL’'ISARCO 
Rosorvoir,  tho  total  storage  capacity  is  ovor  0.50  million  m^. 
Ii:i  tho  surgo  ohambor,  tlio  accumulated  v©.tor  may  riso  to  an  olo 
vation  of  442,20  m abovo  msl. 


(0)  GARDENA -BOLZANO  Powor  Plant,  Pivo  pon 
stock  pip  os  of  2,80  m diamotor  and  ono  pipo  of  2.'0  m diamotor 
diroct  tho  flow  to  thopowor  plaiat,  Tlio  fivo  larger  pipes  servo 
five  Francis  turbines  each  having  45,000  HP  capacity;  tho  small 
or  penstock  loads  to  throo  Polton  vhools  each  having  15,000  HP 
capacity  and  two  Pel ton  whoels,  each  having  500  HP  capacity, 

Tho  smaller  group  of  five  Polton  vhools  supplys  the  po'.ver  for  tJi 
main  lino  of  tho  BOLZiHIO- BRENNER  railroad,  Roforonco  should  bo 
made  to  tho  article  listed  as  Roforonco  49  for  detailed  dos- 
oription  of  the  various  special  dovicos  of  this  dovclopmont, 

(6)  OYlLVERA  Rivor  Dovolopmont, 

(Basis:  Roforonco  4) 


Tho  TALVERil  Rivor  vhich  joins  tho  ISilRCO 
Rivor  at  tlio  City  of  BOLZANO  is  a very  stoop  Alpino  stream 
carrying  a groat  amount  of  dotritod  material  vhich,  at  high 
stages,  moves  into  tlie  lovror  roaches  of  tho  IS/lRCO  Rivor,  Hiis 
results  in  vory  adverse  offoct  upon  its  flow.  To  avoid  this 
undosirablo  condition,  tho  Italian  govornment  has  boon  planning 
since  1937  to  construct  a protoctivo  dam  on  tho  TilLVEPJi  Rivor 
near  tho  a'iHago  of  VANGA  at  tiio  confluonco  of  tho  GENESIO  and 
T/iLFER/i.  Rivers  3 km  from  BOLZANO.  Tho  purpose  of  tliis  is  to  ro 
tain  solid  material  and  at  tho  samo  timo  to  act  as  a flood  pro- 
tection structure,  Tho  storage  lake  abovo  tho  dam  vra-s  to  havo 
20  million  m^  storage  capacity  in  its  area  of  30  hoctaros,  Tho 
pr  osont  status  of  this  project  is  not  knovm, 

e.  HOPE  Rivor, 

( 1 ) CARESER  Dovolopmont. 

XBasis : Roforcncos  40,  56  & 57) 

(a)  C/vRESER  Dam.  (Serial  No.  R-26) 
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This  dam  is  located  on  the  CARESER 
Stream,  the  outflow  of  the  CARESSl  Lake.  The  dam  is  of  gravity 
type  60  m high.  Its  crest  elevation  is  2,601.00  m above  mslj 
crest  length  is  444  m.  The  dam  is  constructed  of  concrete  with 
expansion  joints  every  18  m.  Hie  utilized  capacity  of  the  stor- 
age lake  is  16  million  The  dam  v/as  built  in  the  period  from 

1928-1932  according  to  Reference  40;  however.  Reference  56  gives 
1930-1934  as  the  period  of  construction. 

(b)  MALGAI4ARE  Power  Plant.  Hie  power  con- 
duit from  CARESER  Dam  to  the  pcfwer  plant  is  imbedded  in  the  rook. 
The  power  plant  also  utilizes  flow  of  the  stream  leading  from 
the  RCCE  BIANCO  Glacier,  Because  of  the  muddy  condition  of  the 
mter,  the  power  plant  is  equipped  vA  th  a "Du  Four"  sedimenta- 
tion plant  in  addition  to  a large  sedimentation  basin.  The 
poY/er  capacity  of  "the  MALGAMARE  power  plant  is  12,000  K3V;  its 
annual  output  is  56,5  million  Klffi. 

( 2)  COGOLO  Development. 


(a)  General,  This  development  has  been  in 
operation  since  1929  and  has  been  progressively  enlarged  in  later 
years. 


(b)  PIAN  PALU  Dam.  (Serial  No.  R-27)  This 
dam  has  been  under  construction  since  1951,  The  plans  provide 
for  a rook-fill  masonry  dam  vdih  16,7  million  m®  storage  capa- 
city and  55  hectares  lake  area.  Hie  maximum  stage  elevation  is 
to  be  1,745  m above  msl. , ihus  effecting  a 55  m increase  in 
stage.  The  crest  of  the  dam  is  to  be  175  m long  and  52  m high 
aboie  "the  floor  of  the  valley.  The  rock-fill  dam  is  to  be  cover- 
ed on  -the  headwater  side  by  2 to  6 m thick  concrete  masonry  and 
0,40  m thick  concrete  plates.  The  dam  is  being  constructed  in 
progressive  stops  at  elevations  1763,5  m,  1775.0  m,  1785,0  m, 
and  ultimately' at  1800,0  m above  msl.  In  order  to  gain  addi- 
tional storage,  the  alluvial  fill  at  the  bottom  of  the  reservoir 
was  removed  by  hydraulic  dredging. 


(c)  COGOLO  PpyyER  PLANT.  Hie  hydraulic  head 
utilized  at  this  plant  is  599,2  m.  Hie  ultimate  power  capacity 
of  iho  completed  development  at  COGOLO  will  amount  to  94,000  KlY 
vath  an  annual  output  of  116,5  million 


(3)  S.  GIUSTINA-TAIO  Development. 

(a)  3.  GIUSTINA  Dam.  (Serial  No.  R-28) 

(Basis:  References  56,  57,  & 58) 


1,  General.  Hiis  dam  was  completed  by 
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tho  Sooieta  Edison  in  1951,  Reforonoo  is  mado  to  Plato  8d  of 
•this  report  for  skotchos  of  tlao  dam  and  to  Table  4 of  tho  report 
for  summary  of  dam  data.  Certain  charaotoristios  of  tho  project 
appear  in  tho  folloiang  tabulation: 


Drainage  aroa 
Gross  storage 

Maximum  pool  ol ovation 
Minimum ‘pool  elevation 
Area  of  pool 
Flo'w  U'bilized  for  poiver 


1050  Icm^ 

182.2  km^  (172  ro  Ref.  57 
& 180  ro  Rof.  58) 

530.2  m above  msl 
445.0  m above  msl 

350  hectares 
66  m^/seo 


i*  Dam  Structure.  S,  GIUSTINA  is  an 
arch  dam  ■'vhioh  blocks  •the  narro^iv  precipitous  gorge  through  •vdiich 
•the  KOCE  River  forces  its  course.  Tho  dam  arch  is  16.5  m thick 
at  -tho  base,  3.5  m at  -the  orost.  Tho  to-tal  height  of  the  dam  is 
152  m,  Tho  orost  el  ovation  is  532.5  m abovo  msl.  Tho  dam  Tvas 
built  in  blocks,  each  30  m long,  separated  by  joints  1.9  m vddo. 
Tho  joints  -wero  plugged  after  sufficient  time  had  olapsod  for 
•the  concrete  to  mature.  Ttie  bottom  and  •tho  sides  of  the  gorgo 
are  of  calcareous  dolomite  Tkich,  prior  to  -tho  cons^truction  of 
•the  dam,  viero  solidified  by  extensive  injections  (see  Fig.  25  of 
Rof.  57  or  Fig,  I of  Plato  8d  of  this  report). 


— Ro^gf  Struo~fcures.  On  account  of 
groat  flood  dangers,  several  relief  atructures  are  developed 
(see  Fig.  Ill  of  Plato  8d  of  this  report).  -These  relief  struc- 
tures are  as  follo-ws: 

a.  Diversion  tunnel  on  tho  right 
. bank,  .-plugged  on  complotion  of 

the  dam. 

b.  Intake  for  'die  povor  tunnel 

on  the  loft  banlc,  also  includ- 
ing an  intake  for  -the  scour 
tunnel  for  emp -tying  -the  bottom 
of  tho'  reservoir. 

c.  A second  scour  tunnel  on  -the 
~ left  bank  for  discharging  -tlTo 

middle  lovel..s  of  tho  reservoir. 

d.  A spilltYay  tTXQnol  on  -fcho 
ri^t  bank  vrith  a spillvjay  at 
tho  -top  reservoir  level. 


The  emptying  of  tho  reservoir  is  provided  at  -throe  levels.  Tho 
spill'^vay  consists  of  two  sluice  gates  onch  9 x 4,5  m located  at 
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•tiao  antranoo  of  a stooply  sloping  tunnol  which  leads  into  •tho 
dovmstroojn  csnd  of  tho  diversion  tunnol.  The  intormodiato  scow 
tunnel  has  two  gatos  in  sorios,.  a guard  gate  2,8  x 4.  3 m and  a 
control  gato  2.8  m x 4. 2 m,  operated  by  an  oil  sorvo-motor ; the 
outlet  tunnol  doivnstroam  of  tho  gatos  is  172  m long  and  tho  maxi- 
mum head  on  tlio  gates  is  58  m,  Hae  bottom  scour  tunnol  also  has 
tTO  gates  in  series  measuring  2,  3 m x 3.7  m and  2,3  m x 3.6  m, 
rosp Gotivoly,  operated  by  an  oil  pressure  servo-motor.  (A  sketch 
of  tliis  tunnel  appears  in  Fig.  IF  of  Plate  8d  of  this  report). 

Ip  thi s case,  the  gates  operate  under  a head  of  97  m;  tho  tun- 
nel is  145  m long.  Hio  various  control  gates  in  tlio  loft  bank 
tunnol  intakes  aro  controlled  from  wderground  control  rooms, 
the  access  shaft  to  vhich  may  be  soon  in  Fig.  Ill  on  Plate  8d  of 
tliis  report.  The  total  capacity  of  tho  three  discharge  openings 
is  1000  m^/seo  at  normal  maximum  mter  surface  of  530.0  m.  Iho 
outlets  con  handle  1500  mV^oo  if  the  xvator  lovcl  is  permitted 
to  riso  to  532.5  n,  tlao  olovation  of  tlio  crost  of  tho  dam.,  Tho 
poiTor  tunnol  is  controlled  by  an  automatic  gate  2.7  m x 4 m in 
size. 


(b)  lAIO  Power  Plant. 


1,  Tho  power  conduit  from  S. 

GIUSTDIA  Dam  is  of  circular  cross-section  5. 2 m in  diameter, 

2052  m long,  and  is  designed  for  a maximum  flow  of  66  mvsoc. 

Tho  maximum  head  is  90  m at  1ho  intake  and  107  m near  tho  pen- 
stock, Tho  steol  penstock  has  a diameter  varying  between  3,7  m 
and  3,5  m,  and  is  supported  freely  in  a shaft.  Close  to  iho 
head  of  tho  penstock,  there  is  a vortical  surge  shaft  102  m high 
vdth  a spiral  expansion  chamber. 


2.  Big  tailrace  tunnol  of  tho 

T/lIO  poivor  plant  is  1270  m long  and  usually  operates  under  a low 
head.  The  expansion  chamber  has  boon  excavated  below  tho  sluice 
gato  in  tho  power  station  tailraco.  Tho  upper  end  of  the  cham- 
ber forms  an  emergency  outlet  for  tho  penstock  shaft, 

3.  Access  to  tho  power  station  is 
by  2 km  steeply  sloping  road  leading  from  tho  TRENI0-IM.LS  PIIGIi- 
hAY  to  the  portal  of  a 325  m horizontal  access  tunnol. 

4.  Tho  power  generating  equipment 
of  tho  plant  consists  of  tJiroo  vortical  axis  Francis  turbo- 
alternator  sets,  each  of  41,000  KVA  capacity,  and  four  trans- 
formers each  of  70  KFA  capacity.  Ihansformors  with  voltage  rat- 
ings of  10,  150,  and  240  KV  complete  the  equipment  of  the  power 
plant.  The  entire  pavfer  plant  is  underground. 
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(4)  MEZZOCOROMA  Dovolopmont. 

(Basis:  Roforenco  60) 

(a)  General.  The  dovolopmont  was  oonstruct- 
od  in  -tho  period  botwoon  19^6-1929. 

(b)  MOLLARO  Reservoir.  (Serial  No.  R-29) 

Bio  tailraco  of  TA.I0  powor  plant  empties  into  the  rosorvoir  con- 
strue tod  noar  MOLLARO,  which  sorvos  as  a woekly  storage  rosor- 
voir for  triiB  dovolopmont.  Its  storago  capaci-ty  is  850,000  m^. 
Bio  rosorvoir  is  formod  by  a dam  at  which  tho  maximum  storago 
olovation  reaches  347.0  m,  minimum  olovation  339.0  m above  msl, 

(o)  MOLLARO-MEZZOGORONA  Conduit  and  Povror 
Plant. 

1.  Bio  outstanding  foaturo  of  this 
development  is  tho  poivor  conduit  (soe  Figs.  1-2  of  Rof.  60). 

Tho  conduit  is  9085  m long.  Of  this  length,  7 1cm  is  of  poly- 
contric  cross-section  and  2 km  of  circular  cross-soction  ivith 
an  area  of  20  m^.  Bio  conduit  is  of  reinforced  concroto,  tho 
tliickness  of  tho  sholl  varying  from  20  to  70  cm,  reinforced  by 
concroto  rings  10  and  20  cm  tliick. 

2.  Tho  conduit  crosses  several  streams 
and  tributaries  of  tho  NOCB  Rivor.  Bie  most  important  of  theso 
crossings  arc  of  tho  PONGAIOLA  Rivor  and  RIBASICO  Rivor,  ivhich 
aro  crossed  by  moans  of  bridges.  (The  profile  and  geological 
conditions  are  shoi'm  on  Fig.  5,  p 326  of  Rof.  60).  Tho  moan 
gradient  of  tho  conduit  is  0.02  porcontj  tho  total  drop  is  from 
olovation  333.03  m to  317.80  m above  msl.  Bio  conduit  ends  in 

a surge  chombor  constructod  in  such  a r/ay  as  to  permit  the  ac- 
cumulation of  3400  cm  and  2400  cm  of  flow  in  tro  chambors.  In 
■tho  event  that  tlio  NOCE  Rivor  flo-w  would  reach  'the  catastrophic 
stago  of  361.00  m (14  m above  tho  maximum),  -tiio  surge  chamber 
could  release  tho  excess  flow,  -thus  bypassing  tho  penstock  (see 
Fig.  15  of  Ref,  60).  At  normal  flow,  tho  velocity  inside^tho 
conduit  is  3 m/soc,  corresponding  to  a discharge  of  60  m'^/soc. 

It  may  roach  up  -to  80  mV^oc  discharge  at  4 m/soc  velocity  under 
catastrophic  conditions. 


3.  Two  penstock  pipes  oach  2,60  m in 
diameter  carry  tho  flow  toward  tho  turbines.  Tho  power  capaci'ty 
of  tho  plant  is  50,000  K¥. 

(5)  ROCHETIA  Dam.  (Serial  No.  R-30) 

(Basis:  Roforenco  17) 

(a)  Gonoralo  The  ROCHETTA  Dam  vras  con- 
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structod  in  1937  for  iho  purpose  of  retaining  the  alluvial  sodi- 
mont  and  solid  material  moving  along  tho  15  km  long  course  of 
the  NOCE  River  betwoon  MOLLAEO  and  ROCHSTTA.  Hais  movemont  of 
solid  material  was  particularly  noticeablo  since  tho  construc- 
tion of  tho  MOLLARO  Reservoir  (Serial  Wo.  R-29),  Tho  ROCHETT/l 
Dam  is  located  at  1ha  jvinction  of  the  RIWASICO  , POWGAIOLO, 
LOVERilATICO,  SPOREGGIO,  and  o'chor  small  streams  which  also  carry 
a great  volume  of  detrital  material. 

(b)  Dam  Structure.  Tho  storage  capaci'ty  of 
tho  reservoir  is  3.0  million  m^.  The  'dam  rises  40  m abovo  tho 
floor  of  the  valley.  Tho  dam,  a gravity  arch  of  roinforood  oon- 
oroto>  is  35  m long  at  tho  crest,  1.80  m thick  at  tho  middle, 
and  4.50  m tliick  at  tlao  baso. 

(c)  Outlot.-  Tho  relief  outlet  consists  of 
a vortical  shaft  discharging  tho  floT'f  into  a conduit  built  in 
tlio  rock  and  bypassing  tho  dam.  ’^ts  capacity  is  350  m^/  soc. 

Tlio  spillmy,  located  on  the  right  bank,  is  17  m long  and  cap- 
able of  carrying  up  to  1000  m^/soc  of  catastrophic  flood  wator 
mtli  a 4.0  ra  thick  nappo.  Tho  bottom  outlet  of  tho  rosorvoir  is 
located  on  tho  loft  bank  5 m bolov;  tho  crost  of  the  dam. 

f.  AVIS 10  River.  (Basis;  Reforonoo  55) 

(1)  FEDAIA  V/EST  and  FEDALA  EAST  Dams. 

(Serial  Wos.  R-31  & R-32) 


Both  dams  have  boon  londor  construction  since 
1950,  The  FEDAI/i.  WEST  Dam,  a gravity  arch  structure,  is  located 
west  of  tho  FEDAIIi.  Lake  close  to  MARMOL/ilji  Glacier.  It  dams  ’the 
AVISIO  River  40  m high  on  tho  side  of  the  FASSA  Valley.  FEDAIA 
Efi-ST  Dam,  an  earth  structure,  closes  tho  oast  end  of  tho  storage 
lake.  The  storage  of  this  reservoir  is  rodiroctod  tovurds  tho 
COPJDEVOLO  Valley  to  bo  utilized  in  the  CEWCBWIGHE  power  plant. 
Tho  hydraulic  characteristics  of  those  dams  aro  as  follows? 


Storage  capacity 
Storage  aroa 

Maximum  storage  elevation 
Minimum  storage  elevation 
Hei^t  of  the  v/ost  dam 
Hoi^t  of  tho  oast  dam 


’t 

16  million  m 
70  hootaros 
2,053  m abovo  msl 
2,013  m abovo  msl 
50  m 
20  m 


(2)  FORTEBUSSQ  Dam.  (Serial  Wo,  R-32) 

(Basis ; Rofercnco  61) 

This  dam  Jvas  been  under  construction  since  1950  on  the  TRiiVIGWOLO 
River  at  FORTEBUSSO.  It  is  a gravity  arch  dam.  Following  aro 
tho  data  of  the  dam: 
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Storage  capacity 
Storage  lako  aroa 
MaKimum  stago  ol ovation 
Minimum  stago  ol ovation 
Hoi^t,  of  tho  dam 
Length  of  dam  at  orost 


27  million  m^ 
63  hootaros 

1460.00  m above  msl 

1380.00  m abovo  msl 
110  m 

330  m 


(3)  POZZOIAGO  Dovelopmont.  No  data  woro  prosont- 
ly  available  concorning  this  dovelopmont, 

g.  LOUVER  ADIGE  boloiv  VERONA.  (Basis:  Roforonoo  4) 

(1)  Gonoral.  Hio  or ohydro graphic  charaotoristics 
of  tho  ADIGE  drainage  aroa  indicate  1h.o  flooding  potentialities 
of  tliat  portion  of  tho  VENETIAN  PLAINS,  -which  oxtonds  along  tho 
ADIGE  bo  tycoon  VERONA  and  ‘tho  ADRIATIC  BElu 


(2)  Hydrologic  Conditions.  Tho  main  contribu- 
tion to  -tho  ADIGE  flo-VJ-  comos  from  tlao  numerous  tributaries  of 
tic  High  Alpine  region  of  "ALTO  ADIGE"  Provinco,  which  extends 
north  from  AUi  to  BRENNER  PASS.  According  to  Refer onco  4,  90 
porcent  of  -tho  drainage  aroa  of  -the  ADIGE  Rivor  is  located  in 
this  mountainous  part  of  I'toly,  Ho-wovor,  tho  portion  of  tho 
ADIGE  vhich  flows  sou-th  of  ALA  roquiros  pormanont  protection  a- 
gainst  suddon  outburst  of  floodv/ators.  Approximately  316  km 
(according  -to  information  dated  1937)  of  dikes  are  required  bo- 
t-vYoon  AUi  (at  tlio  pro-1918  Italo-Austrian  international  bound- 
ary) and  tho  mouth  of  tho  nDIGE  at  tho  ADRIATIC  SE/i.,  in  order 
to  protect  77,000  hootaros  of  land  (770  Icra^)  on  tlio  loft  banks 
and  2,540  Icm^  on  -the  right  sido  against  floods, 

(3)  Maximum  Floods.  Since  historical  timos 
(1512),  -tho  rivor  gago  located  at  tho  historical  city  of  TRENTO 
was  used  as  tho  indicator  of  throatoning  flood  conditions  in  -the 
V®IETIilN  PLi^ilNS  originating  on  the  ADIGE  Rivor.  (See  Fig.  50, 

p 126,  of  Rof.  4 for  hydrologic  data  at  TRENTO  for  -die  period 
1865-1934),  Tho  1882  flood  sooms  to  bo  tho  highest  evor  achiev- 
ed in  tho  roGordod  poriod.  Tho  1926  floods  howovor,  -was  tho 
most  studiod.  (All  pro'V'.’ar  information).  At  -tho  crost  of  tho 
1882  flood,  tho  TRENTO  gago  shovfod  6,11  m abovo  tho  gago  zero 
which  corresponds  to  an  ostimatod  discharge  of  2020  mVsoo 
(other  sources  estimate  2,400  m^/soc).  The  1926  flood,  regis- 
tered at  TREI'JTD,  reached  a stago  of  5,40  m abovo  gage  zoro, 
corresponding  to  1600  m^/soc  discharge,  4,45  m/soo  maximum  volo- 
citj'-  at  tho  front  of  tho  flood  -ivavo,  and  3,77  m/soc  moon  surface 
volocity. 


(4)  Flood  of  1882.  Tho  folloi»ing  description 
indicates  tho  progress  of  tho  flood  in  1882: 
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(a)  On  Soptembor  17th,  YiJion  first  'warnings 
wore  given  out  on  -tho  danger  of  tho  flood,  based  on  readings  at 
tho  TREWTO  gaging  station,  tho  250  1cm  of  flood  protootion  lovcos 
bct'woon  VEROM  and  tho  soa  had  boon  reinforced  and  raised.  Do- 
spito  tills,  broaohos  occurred  at  S.  MICHELE,  S.  MRTINO,  and  at 
SORIO,  causing  a largo  territory  around  VEROHA  to  bo  flooded 
(sGO  Tablo  VIII,  p 106,  of  Ref.  4).  Plate  10  of  this  report 
shows  tile  oxtont  of  tho  area  flooded  and  tho  location  of  natural 
and  artificial  loveo  breaks. 

(b)  At  midnight  17-18  Soptomber,  a 60  m 
broak  ocourrod  at  CA  jiOROSIHI,  also  a 670  m break  at  JiiASI. 

(c)  At  LEGl'IAGO,  at  3:00  Mi  on  tho  18th  of 
Soptomber,  a 300  m long  broak  of  the  right  bank  dike,  started  an 
onormous  floiv  into  tho  valley  of  VERONA  (VALLE  GR/vNDI  VEROWESI). 
It  is  to  bo  noted  that  tho  j'iDIGE  bed  at  this  locatirn  is  1.50  m 
higher  -than  tho  floor  of  the  adjacent  depression.  The  furious 
currents  "thus  generated,  disrupted  the  VEROM-ROVIGO  railroad 
lino  and  doscondod  very  swiftly  in  tho  depression  along  tbio  right 
bank  of  -tho  ADIGE  and  loft  bank  of  CANAL  BliiNCO.  This  flovr  on- 
gulf  od  tho  upper  roach  of  tho  lARIilR  River,  and  continuod  along 
CidJAL  BLlNCo’to  FOSSil  POLESSELL/w 

(d)  Thirteen  days  after  tho  start  of  the 
flood,  on  October  1st,  it  ’.vas  found  necessary  to  release  the 
accuiTiulated  flood  ■’.vator  (which,  in  some  places,  reached  up  to  8 
m depth)  toward  tho  sea.  By  moans  of  four  doliborato  broaohos 
of  tho  FOSSA  POLBSSELLii  dikes,  tho  water  doscondod  5 m high  a- 
bovo  tho  terrain  into  tlio  territory  limited  by  tho  ?0  Rivor  and 
CAilLiL  3L1NC0,  procooding  fYirther  izito  tho  soa. 

(o)  The  flooded  territory  extended  over  170 
lon^  on  tho  loft  and  1,090  km^  on  tho  right,  totaling  1,260 
Icra^,  according  to  GIORNALE  DEL  GENIO  CIVILE  OF  1897. 
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GAZETTEER 

VMETIAN-EBIULI  PUINS 
OF  NORTHEAST  ITALY 


EXHIBIT  B 


GAZETTEER 

VENETM-FRIULI  PUINS 
OF  NORTHE/iST  IT/iLY 


m?  U.T»M.  GRID 

PLAGE  SHEET  MO.-X-  RE^EMCE, 


ADIGE  RIVER,  MOUTH 

65 

9004 

agoRdo 

7130 

AiBA  mu 

26 

9506 

ALA  (BUSSOLEWGO)  DAM 

36 

5468 

ALBA  DAIA 

14 

6243. 

ALBEREDO  D»ADIQB 

63 

7721 

ALPCKE  RIVER,  MOUTH  ’ 

49 

7722 

ALTIVOLE 

38  ■ 

3071 

AMPEZ20  CARNICO 

13 

3042 

ANGUILLARA  VENETA 

64 

2602 

ahsiei  klver,  mouth 

13 

0453 

ARCADE 

38 

8474 

ARZINO  RIUER,  MOUTH 

25 

4217 

ASTICO  RIVER,  MOUTH 

50 

0456 

AUSSA  RIVER,  MOUTH-  - 

40 

6368 

AVIAITO  RIVER,  MOUTH ' 

35 

5166 

AVfO 

35 

5166 

AVISIO  RIVER,  MOUTH 

21 

6110 

BACGHIGLIONE  RIVER', ' MOUTH 

65 

8307 

BADIA  FOLESINE 

64 

9795 

BAGNARIA  ARSA 

40 

6783 

BASS/iNELIO 

50 

2430 

BASSAMO 

37 

1372 

BEILUNO 

23 

8211 

BOAR/i  PISMI 

64 

1998 

BOITE  RIVER,  MOUTH 

12 

9641 

BOLZ/iNO 

10 

. 8152 

BREDA  DI  PI/iVE 

38 

9266 

BRHRJER  PASS 

1 

9008 

BRENTA  RIVER,  MOUTH 

65 

8807 

BREN  TOME  RIVER,  MOUTH 

65 

8407 

BRESSANONE 

4A 

0377 

BRUSEGMA 

50 

2131 

BUSSOLENGO 

48 

4437 

BUT  RIVER,  MOUTH 

14 

4640 

mis  Map  Series  M69I  (GSGS  Series  4164),  1:100,000 


CALDARO  IME 
CAEDOTAZZO  LAKE 
CA  MOROSBII 
CiMPOCROCE 
C/iMPQ,ni  SOTTO 
Gkwd  S . W.RTINO 
CANALE  D’ISONZO 
CANEVA 

CA  P/iSQUA  (CA  PASCA) 

CAPRILE  DAM 

CARBONERA 

CARDMO 

CARESER  Dm 

GARESER  RI^nSR,  M0U.TH 

CARSO  (VIPACGO)  RIVER,  MOUTH 

CASALE  SACILE 

GASARSA 

CASELLO 

CASTAGKARO 

GASTELBELLO 

CASTELFRANCO 

CASTELLETTO 

CASTELVIERO 

CAVANELLfi  D« ADIGE 

CAVARZERE 

CAVAZZO  LAI{E 

CENCMIGHE 

CERAINO 

GjeR7I®AN0  DEL  ERIULI 

CHIEVO 

CHIOGGIA 

cna  D^ASTA 

CBilALDOLMO 

CB^AGOCMO 

CISrON  RIVER,  MOUTH 

CITTADELLA 

CODEVIGO 

COGOLO 

COMELICO  DM 

CONCHE 

CORDEVOLE  RIVER,  MOUTH 
CO'I'ITEMZA  RIVER,  MOUTH 
CORHO'  RIVER,  MOUTH 
CORTE 

CORTELLAZZO 
CORTINA  D'/iMPEZZO 
CROC ETTA  DEL  MOMTELLO 
CROSIS  DAM 
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10 

7438 

21 

7300 

64 

0698 

12 

7769 

12 

7956 

50 

1947 

26 

9404 

38 

o;^4 

65 

8307 

12 

6947 

38 

8862 

10 

8351 

9 

3042 

9 

,2941 

40A 

8784 

40 

5180 

39 

3391 

39  • 

3791 

63 

8999 

9 

. 4665 

37 

2862 

38 

9494 

38 

8280 

65 

8393 

65, 

.■7002 

25 

5132 

12 

• 2938 

48 

4248 

40 

. 7075 

48 

5235 

65 

.8611 

22 

9834 

38  . . 

. 9574 

12 

0453 

37 

1190 

50 

1759 

65 

7217 

9 

3034 

13  , 

0756 

65 

7813 

23 

7406 

26 

1313 

40 

6268 

65 

7121 

52 

2245 

IZ  ' 

8158 

38 

6979 

25 

6322 

DEBBA 

50 

0141 

DEG/INO  RIVER,  MOUTH 

13 

3941 

DERMULO 

10 

5833 

DOBBRCO  (TOBLACH) 

4B 

3878 

DGBURI  (DOBLAR) 

26 

9908 

EOA  RIVER,  MOUIH 

10 

8352 

ESTE 

64 

0811 

FAD/iLTO 

23 

9406 

FALZE 

38 

7982 

FEDAIiA  E/iST  DAM 

11 

2348 

FEDAn  TffiST  DAM 

11 

2148 

FELLA  RIVER,  MOUTH 

14 

5536 

FELTRE 

22 

2600 

FENER 

37 

2887 

FERSBIA  RIVER,  MOUTH 

21 

6301 

FI/iSCHETTI 

39 

0495 

FONTANIVA 

50 

1356 

FORNI  DI  SOPRA 

13 

1444 

FORTEBUSSO  DAM 

22 

0731 

FORTEZZA  DAM 

4A 

0084 

FOSSA  POLESELLA 

76 

1882 

FOSSONE 

65 

8702 

FRAFOREANO 

40 

4377 

FUNES  DAM 

11 

9870 

FUMES  RIVER,  MOUTH 

11 

9870 

G/iLLBIA  RIVER,  MOUTH 

23 

9122 

G/vRDA  LAICE  (L/xGO  DI  G/iRDA) 

35 

GARDENA  RIVER,  MOUTH 

11 

9363 

CENESIO  RIVER,  MOUTH 

10 

8155 

GIOV/iRETTO  D/iM 

9 

3251. 

GLOREMZA 

3 

1770 

GORffiE  (GORIZI/i) 

40A 

9389 

GR/iDISCA 

40A 

8483 

®I®fO  RIVER,  MOUTH' 

22 

0499 

GRISOLARA 

52 

1849 

IDRUi  RIVER,  MOUTH 

26 

0211 

IGNA  RIVER,  MOUTH 

50 

9655 

BJPIiiNTO  MRLEMGO 

10 

■ 8152 

IMPIANTO  TEL 

10 

6568 

3NVILLIMO 

13 

4041 

3SARCO  (EISACK)  RIVER,  TOTH 

10 

7647 

ISQMZO  RIVER,  MOUTH  ' 

4OA 

8764 

nSTRANA 

38 

7462. 
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M 


lAGO  DELLE  PIAZZE  DM 

EAGO  DI  ALIEGHE  DAM 

UQO  DI  MEZZO 

LAGO-DI  RESI/i 

LAGO  MORTO  DAM 

LAGO  RESTELLO  DM 

LAGO  S.  GROCE  DM 

LiWDRO 

LATISANA 

LEGNAGO 

LENDIN/iR/i 

LEOGR/l  RIVER,  MOUTH 
LEVICO 

LEVICO  (L/ilffl) 

mmA 

LIVEUZA 

LIVMZA  RIVER,  MOUTH 

LONGARONE 

LORENZAGA 

LOVEMATICO  RIVER,  MOUTH 
LUMIEI  DM 
LUMIEI  RIVER,  MOUTH 
LUSIA 


21 

7513 

12 

7042 

3 

1782 

3 

1686 

23 

9203 

23 

9101 

23 

9312 

12 

8868 

40 

4470 

63 

8107 

64 

0595 

36 

8961 

21 

7898 

21 

7698 

50 

2240 

39 

0789 

52 

3350 

23 

9227 

13 

0650 

21 

5823 

13 

2546 

13 

3440 

64 

0997 

MAE  RWER,  MOUTH 
MALGMARE 
MANG/iRT 
MAHTOVA 
MARIS^GO 
raSERMA 
raSER  ASOLO 
MAS  I 

mso  RIVER,  MOUTH 

IffiSCHIO  (MESCHI/i)  RIVER,  MOUTH 

l-EEMA 

MER/SMO 

RffiSTRE 

MEZZOCORONA 

MOLLARO  DM 

MOflEiiLCONE 

MONTEBELLUNA 

MONTEGALDELL/i 

MONTELLO 

MONTE  PERALBA 

MORGMO 

MORI  DM 

MOTTA  DI  LIVENZA 

MUSILE  DI  PI/lVA 

M’SSCNE  DEI  SASSI  RIJvER,  MOUTH 

L-4 


23 

9226 

9 

2841 

nr,  TRICORN 0 

62 

4102 

10 

6369 

38 

9170 

37 

2676 

64 

9598 

22 

0294 

39 

9390 

51 

8959 

10 

6568 

51 

8542 

21 

6320 

21 

5828 

4OA 

8774 

38 

7073 

50 

0935 

38 

7673 

13 

2667 

51 

7459 

36 

5580 

39 

1572 

52 

1055 

40 

2636 

/ . ' 


NATISONE  RIVER,  MOUTH 
NERVESA  DELL/i  BATTAGLIA 
NOCE  .RIVER,  MOUTH 
NOVE 

OROLO  RIVER,  MOUTH 

PADOVA 

PAESE 

PAPARI/iNO 

Pi\S.3'lRIO  RIVER,  MOUTH' 

PASSO  G/J^USSIO 

PEDEROBBA 

PELOS 

PERAROLO 

PExRGINE 

PESCATTNA 

PBN  DEI  MORTI 

PIAN  P/iU  D/M 

PmVE  RIVER,  MOUTH  ■ 

Pl/iZZOLA  SUL  BRENTA 

PIERIB 

PIEVE  DI  C/DORE  Dm 
PINE  RIVER,  MOUTH 
PIOVE  bl  SACCO 
PIOVERDIO 
PL/iI'I  DEL  SAC 
PLAVA  (PL/iVE) 

PLEZZO 
PLBVi  Dm 

PLIMA  RIVER,  MOUTH 

PODESTAGNO 

POM/.GAGMON 

PCNGAIOLA  RIVER,  MOJTH 
PONTE  ADIGE 
PONTE  ALL*  IS  ARGO  DAM 
PONTE  DELLA  SERR/i  D/^M 
PONTE  DI  BRENTA 
PONTE  DI  FMER 
PONTE  DI  PL'iVE 
PONTE  DI  PINZAMO 
PCFTE  DI  PRIULA 
PONTE  DI  SALC/J^O 
PONTE  J'EDUNA 
PCNTE  ROVINA 
P®ITE  VIGODARZERE  f 
PONZ/JJO  VENETO 
PORDENONE 
PORTOGRU/UIO 
PORTO  NOG/iRO 


40 

7389 

38 

8378 

21 

6012 

23 

9203 

50 

9649 

50 

.2636 

38 

7862 

40 

7874 

10 

6370 

40 

4278 

38 

2984 

13 

0652 

12 

9641 

21 

7304 

48 

4538 

3 

1988 

9 

2433 

52 

2244 

50 

1747 

40 

7874 

12 

9944 

21 

6905 

65 

6720 

14 

5633 

13 

2944 

26 

nr,  AIBA 

14A 

8933: 

9 

3656 

9 

4064 

12 

7965 

32 

8163 

21 

5926 

10 

7650 

11 

9363 

22 

1301 

50 

3034 

37 

2887 

39 

0465 

24 

4216 

38 

8677 

40A 

■ 9592 

39 

2190 

20 

4031 

50 

2637 

38 

8365 

39 

1893 

39 

3272 

40 

6175 
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POVEGLIANO 

POZZOUGO 

PRA  DA  STUA  D/iM 

PRECENICCO 

PRIMOLi^O 

PRIULA 

PUNI  RIVER,  MOUTH 

FUSTERI/l  (RIO  DI  PUSTERIA)  DM 

QUERO 

QUINTO  TREVISO 

RESI^.  ' , ■ 

RIMZA  RIVER,  MOUTH 
RIESE' 

RINASICO  RIVER 

RIVA 

RIVOLI 

ROGHETTA  DAM 

RONCHIS 

ROVERCHI/iRA 

ROVERETO 

ROVIGO 

RUGE  DE  GALLO 


38 

3271 

21 

7315 

35 

4870 

40 

5072 

37 

1094 

38 

8677 

9 

2266 

4ii 

0386 

37 

2789 

51 

7958 

3 

1588 

4A 

0377 

37 

2768 

21 

5924 

35 

4383 

48 

4148 

21 

5922 

40 

4474 

63 

7615 

36 

5884 

64 

2094 

38 

nr,  PEDEROBBA 

SAGRADO 

S/iLCANO 

SALroRA  RIVER,  MOUTH 
S.  ANAST/iSIO 
S.  BIDREA  DI  BARBAR/'iNA 
S*  BI/iGIO  DI  CALUiLTA 
S .•  CASSIMO 
S GATERINA  DAM 
S.  DONA  DI  PIAVE 
S.  FLORl/l^IO 
S.  GIOVMNI  LUPATOTO 
S.  GIU3TIMA  DAM 
'S.  LUGIA 
S.  MARCO 
S.  WiRTINO 

S.  MARTINO  DI  CMTRDZZA 

S.  MICHELE 

S , UBERTO 

S.  V/iLEDJTINO  DAM 

SARCA  PJVER,  MOUTH 

SARSOM 

SEGUSINO 

SEN/iES  RIVER,  MOUTH 
SERRAVILIE 


4OA 

8482 

4OA 

9592 

9 

2167 

39 

1965 

39 

0264 

38 

9562 

39 

0883 

13 

0557 

52 

0856 

23 

9101 

49 

6027 

10 

5834 

26 

0213 

50 

1333 

49 

6332 

22 

1627 

49 

6033 

12 

7865 

3 

1681 

35 

4481 

37 

1174 

37 

2889 

10 

5168 

36 

5675 

b-6 


SILE  RIVER,  MOUTH 
SORIO 

SOTTOSELL/i  (PODSELU)  DAM 
SOVEIiZENE  DAM 
SPOREGGIO  RIVER,  MOUTPI 
SPRESIMO 

STl^Gd.  (AIBERGO  M STAMG/0 
STELU  RIVER,  MOUTH 
sm-i 
STRIGNO 

TAGLIAlffiNTO  PJVER,  MOUTtI 
TAIO 

TALVBR/i  RIVER,  MOUTH 
TARVISIO 

T/iSSO  RIVER,  MOUTH 
TESTOA  RIVER,  MOUTH 
TMONCHIO  RIVER,  MOUTH 
TOIMINO 

TORRE  RIVER,  MOUTH 

TRAVIGNOI/i  RIVER,  MOUTH 

TRENTO 

TREVId^MO 

TREVISO 

TRIESTE 

TRICORWO 

UDJNE 

VAJON  RIVER,  MOUTH 

VAJONT  DAM 

VAL  GTiLLIMA  DIM 

VALLE  DIM 

VMGA 

VAIMO 

VED/L,GO 

mus 

VENETO 

miEZUi  (VENICE) 

VENZONE 
VERNAGO  DAM 
VERONA 
VEENZA 
VILLAVERL/. 

VILLORBA 

VIP/iCCO  (CARSO)  RIVER,  MOUTH 
VODO 

VOLTA  BRUSEGMA 


52 

n38 

49 

6029 

26 

0110 

23 

9120 

21 

5822 

38 

8673 

23 

7822 

40 

5265 

51 

6633 

22 

9704 

53 

5256 

21 

5931 

10 

805I 

14A 

9151 

48 

AU3 

50 

0341 

50 

9755 

26 

0216 

40 

7775 

22 

9931 

21 

6304 

38 

7169 

51 

8561 

53A 

0558 

14/v 

1138 

25 

6303 

23 

9227 

23 

nr,  LONGAT 

23 

9321 

12 

9343 

10 

8055 

40 

4483 

38 

6763 

12 

9243 

37 

2661 

51 

9035 

25 

5733 

3 

4077 

49 

5634 

50 

9946 

50 

9458 

38 

8469 

40A 

8784 

12 

8845 

50 

2230 

■ - 


